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CLEVELAND— THE TION CITY 


N aggressive civie step which has attracted world-wide attention 
to Cleveland is the Group Plan for publie buildings. A ‘‘T”’ 
shaped tract of land approximating 104 acres in the heart of the 
city and known as the ‘‘Mall,’’ will ultimately contain all of 
Cleveland’s municipal buildings. The Federal Building, costing 





Cuyahoga County Court-House 


$3,870,000, the Cuyahoga County Court House, costing $4,500,000, 
and the City Hall, costing $3,330,000, are already occupied. Ap- 
propriations are outstanding for a Criminal Court building upon 
the ““Mall.’” The new Publie Library has just been completed. 
The entire project will represent an outlay in excess of $35,000,000. 

The Publie Auditorium, opened in the spring of 1922, also 
located on the ‘‘Mall,’’ constitutes another unit of the ‘*Group 
Plan.’’ The auditorium accommodates 12,500 persons, while up- 
wards of 70,000 square feet of floor space is available for exhibits. 
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The acoustics of this mammoth auditorium have proven 
ny ‘ . ‘ wait hi wher e das Johnsol 
hibit engineers have proclaimed its exhibit facilities to }. 4 


. E ee i mer. ‘are, W 
and most serviceable of any similar building in the Unite: gj, Fan 


at one 


In the country, about 8 miles from the center o 
Cleveland has already created a very different group 


the City (levela 
of PUD rv. J 


buildings. On a farm of more than 2,000 acres on hich Jang , *ounda 


Garfield Monument in Cle 

the eit 

fine sanitarium for tubercular patients, a home for aged and infirm, secrete 
with cottages where old couples can spend their last years together, T 
and all the necessary buildings to make such a city farm complete, 
stand as a monument to the generosity and kindliness of the people 
of Cleveland. Upon the same tract of land is the municipal house (level 
of correction, with ample fields about it for outdoor work and shops the A 
for winter employment. 


(level 


owner 


1 

Cleveland, as the center of the Western Reserve, has mat) se 
points of interest of national importance. As the home of man) 
of the country’s great men, both politically and industrially, the 
eyes of the nation have always been upon Cleveland. 


techn: 


school 


( 
This was the home of James A. Garfield, at one time President tern ] 


of the United States. The Garfield Monument, built by nation! St] 
subseription, is one of the famous memorials of the country. The 
residence of John Hay, Secretary of State under McKinley, Was physi 
in Cleveland. His burial place is in Lake View Cemetery. Tom L. Scho 
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Johnson, nationally known as the Father of Three-Cent Street Car 
Fare, was Mayor of Cleveland for several terms. Mareus A. Hanna, 
at one time United States Senator and national figure, resided in 
‘leveland, and a massive monument has been erected to his mem- 
ry, John D. Rockefeller, oil king and philanthropist laid the 


*undation of his fortune and spent the greater part of his life 


ERRMSG. a 


“ os i 


The Rose Garden in Wade Park 


in Cleveland, and his estate here is one of the show places of 
the city. Cleveland is also the home of Newton D. Baker, former 
secretary of War. 

There are practically no areas of congested population in 
Cleveland, as the city is noted for the great number of home 
owners. According to the 1910 Federal census, 35 per cent of 
Cleveland homes were owned by the occupants, being second of 
the American cities in this respect. 

The city’s education facilities are notable. In the city system 
are 110 grade schools, twelve high schools of which three are 
technical high schools and nine junior high schools. Parochial 
vhools number fifty-seven. 


Cleveland is the seat of Case School of Applied Science, West- 
tem Reserve University (including the College for Women), and of 
‘t. Ignatius College. Case offers courses in civil, mechanical, 
‘lectrical, mining, metallurgical and chemical engineering and 
physics. Western Reserve has in addition to Adelbert College, 
Schools of Medicine, Law, Dentistry, and Pharmacy, and courses 
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in Education and Applied Social Science. St. Ignati 
baccalaureate degrees and gives courses in philosophy) 
literature, history, science and mathematics. 

Following the Cleveland principle of making comm) \)); 
terprises really serve the community, the Publie Libr: 
is a part of the ‘‘Group Plan,’’ has forty-six branche: 


Cleveland Museum of Art 
distributors. In gross circulation of books, the Fifth City ranks 
third in the United States and in per capita cireulation first. 

Visitors reaching Cleveland by railroad are deeply inipressed 
at the magnitude of the city’s manufacturing districts, throug! 
the miles upon miles of factory fronting upon the railroads. But 
upon reaching the downtown mercantile district the visitor is at 
once filled with awe at the activity and splendor which meets the 
eye from all sides. This is especially true of Euclid Ave., the 
principal retail mercantile street, famous the world over 

The Cleveland Museum of Art is regarded as one of the most 
beautiful museum buildings in America. It has no superior in 
the perfection of equipment for handling and preserving its treas 
ures. In addition, it serves a valuable purpose in the educational 
life of the city. Being linked so closely with the city’s schools 
and colleges, it has become an essential factor in their work 
well as a center of culture for the whole community. 


Its treasures have been selected for their high qualii. 
than quantity. While the collections are small compared 
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‘ioge in some of the great museums of the world they are made 
_» of the finest objects procurable, chosen with definite regard for 
Sir educational value. 

Probably no other one agency has served to carry the story 
»¢ Cleveland’s educational and cultural progress to the outside 
of more than the Cleveland Symphony Orchestra, proclaimed 
, best in America. Organized in 1919 under charter 
of the Musical Arts Association of Cleveland, this orchestra has 
slaved in fourteen states and in many Canadian cities. It has 
heen honored by many invitations to play abroad. 

The publie library system of Cleveland is one of its outstand- 
nv educational features. Recently a new building was erected 
at a cost of $4,000,000 and forms a part of Cleveland’s Mall, or 
vroup plan of public buildings. Situated in the heart of the 
business section it is unusually accessible to all citizens and visit- 
. This building provides space for more than 2,000,000 vol- 
unes. From this as a nucleus, the library system extends to 945 
branches in all parts of the city. Even industrial plants are 
eyuipped with libraries as a part of this system. These branches 
are really community centers and their service is invaluable. The 
system has more than 200,000 patrons each year. 

Probably nowhere outside of New York City is there a more 
magnificant shopping district than in Cleveland. Wide streets 
accomodate the tremendous vehicular traffic and broad sidewalks 


pressed permit the rapid- passage of the hundreds of thousands who throng 
hrough this district daily. 


ranks 


But above all, is the remarkable transformation which has 
occurred in this district during the past few years. Business 
houses have spread out over a larger area and have moved east- 
ward along Euclid Ave. and adjacent thoroughfares; magnificent 
yuildings have been erected; the very latest of designs in store 

1e most architecture have been followed; store windows so attractive that 
rior in they compel the passerby to tarry and view their artistic displays, 
s treas exhibit the latest styles and creations of this country and of 
ational Europe. 
schools In Cleveland today are many of the finest retail stores and res- 
york as ‘aurants in the United States. Merchants, as though spurred by the 
incentive that wide streets and sidewalks and magnificent buildings 
offer, have striven to outdo one another in making their establish- 
d_ with nents attain perfeetion in beauty and artistic decoration. This 


rather 
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thought is unconsciously conveyed to the visitor and { 
that Cleveland’s shopping district has become nationa) 


© result ic 


Y Tamous, 


The same idea has been carried out by theatrica| nterpr MM" 
and in 1920 seven elaborate playhouses were erected ; lMentine _ 
Cleveland’s previously ample facilities for the amusemen 
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Playhouse Square 


lovers. These playhouses, for the drama, vaudeville and motion 
pictures; are the last word in architectural design. B. F. Keith’ T" 
new Palace Theatre has been pronounced the finest in the world. e 
Four of the new theatres are located in the upper section of Euclid Volur 
Ave. recently occupied by mercantile establishments. These thea- Decen 
ters, which alone provide more than 11,000 seats, are within the may | 
same block now known as ‘‘ Playhouse Square.”’ 

After a busy day in the manufacturing districts or at con 
vention sessions, the visitor to Cleveland may easily find restft 
pleasures to oceupy the evening hours, for notwithstanding the 
city’s phenomenal growth in population and industry, its facilities 
for healthful pursuits and wholesome recreation have kept pact 
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LARGE FORGINGS 


result R 
Tami 


IS, 


ae interest and attention has been directed by heat treaters 
CLL seg \ 
ye 


and metallurgists to the increasing demand for large forg- 
sme} Ting . ; ; 


Pay wos and to the increasing size of these units. The production 
tT theatre ls 


and heat treatment of large forgings is quite a different matter 
‘rom the production of small sized steel forgings which are used 
1) such vast quantities in the automotive and similar industries 
today. 

In this issue of TRANSACTIONS is published a capable pres- 
entation of this subject by a writer who has much experience in 
the production of these large units. The author, A. O. Schaefer, 
presents in an interesting manner the many problems which are 
net with in the production of suitable ingots; the precautions 
vhich must be taken in pouring, heating, forging, heat treatment 
nd testing. This author has stressed the point of the necessity 
for producing sound ingots and the necessity for allowing ample 
time for these large masses of material to become thoroughly 
heated through at the proper temperatures before any forging 
york is done upon them. 


With the increasing demand for high pressure steam installa- 


tions and with inereasing developments in the field of chemical 
technology, the production of these large forgings will increase 
aud will beeome a stable peace time industry where formerly such 
large units were usually instruments of war. 


VOLUME VII OF TRANSACTIONS COMPLETED 


| motion 


Keith § HIS issue of TRANSACTIONS completes Volume VII, which 


covers the period from January, 1925, through June, 1925. 
Volume VIIT will inelude the period from July, 1925, through 
se thes. December, 1925. The index for Volume VII is now ready and 
thin the ay be secured upon request. 


e world. 


f Euelid 


— | Those desiring to have their loose copies of Volume VII bound 

restful in accordance with the style used in binding Volumes I, II, III, 
ling the id \ and VI, may do so by forwarding them to the executive 
Facilities othices of the Society, 4600 Prospect Avenue, Cleveland, together 
5 pen with $2.00, and they will be bound and returned promptly. 
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REPORT OF SUB-COMMITTEE ON SPRING STEEI>s 


HE Recommended Practice Committee assigned 

committee on Spring Steels the problem of com) 
ommended practice for the heat treatment of plain 
alloy spring steels. 

This sub-committee has put much effort into this problem, 
and recently submitted to the Recommended Practice Commit 
its report which was approved as a tentative recomm: 
tice of the Society. 


the 


ided prac. 
The Sub-committee on Spring Steel is composed of four \sq 
and three manufacturers as follows: Users: W. H. Phillips, chaip. 
man, DuRay Smith, C. G. Shontz and H. G. Peebles.  Manufy. nou 
turers: E. C. Smith, J. W. Weitzenkorn and Elmer Larned be pure 
This recommended practice covers primarily the heat 
ment of medium and large size coil springs and flat leaf springs 
Recommended Practice for the Heat Treatment of Plain Th 
Carbon and Alloy Spring Steel 


vetoril 


ft 
}so0) (i 


GENERAL 


HIS recommended practice covers the process to be followel 


in the manufacture and heat treatment of springs, such a 
medium and large coil, and flat leaf springs. 


PROCESS OF MANUFACTURE 


Spring steels are manufactured largely by the open heart 
process. A considerable quantity is produced by the electric fu 
nace and a small amount by the crucible process. 


SprRING STEELS AND THEIR CHEMICAL COMPOSITION 


The steels listed below are those most commonly used by the 
spring manufacturers. 


Approximate Chemical Composition 


Stee Cc Mn P s 





0.90-1.05 0.30-0.50 0.040 0.050 
OP -ewccceas 0.45-0.55 0.80-1.00 0.040 0.050 , , 1.00—1.20 
Cr-V. ......0.45-0.55 0.70-0.90 0.040 0.050 A 2 1.00—1.20 
Cr-Mo 0.45-0.55 0.70-0.90 0.040 0.050 , . 0.70—0.90 
Cr-Si-Mn ...0.45-0.55 0.70-0.90 0.040 0.050 ' b 0.70—0.90 
Si-Mn ..... 0.55-0.65 0.70-0.90 0.045 0.050 
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HARDNESS OF STEEL AS RECEIVED FROM MANUFACTURER 


(he maximum hardness limit of leaf spring steel will 

Hepend to a considerable extent upon the nature of any cold work 

to be per med upon it. A maximum Brinell hardness number 

problem ¢ 321 is satisfactory for the thinner gages (less than ; inch) 

‘ommittes where only the simple cold working operations such as shearing, 

punching, and trimming are necessary. Heavier gages (,°, inch 

yy over) Should have a maximum Brinell hardness number of 

\ minimum hardness limit is necessary only in special cases. 

)) All coil spring bars 144 inch and under should be soft 

snouh to permit shearing without breaking. Larger sizes should 
he purchased eut to the proper lengths. 


ForGING, FORMING, AND COILING 


The lowest temperature at which the steel will work satis- 
factorily should be used. This temperature should not exceed 
i830 degrees Fahr., and the. steel should be held at this tempera- 
ture for only sufficient time to thoroughly soak through. 

The method of eooling after forging or forming is usually 
not important. When severe coiling or other severe forming 
operations are performed, the steel should be allowed to cool in 


ft 


the air until it becomes black. 


HEAT TREATMENT OF SPRING STEEL 
Normalizing 


The steel is normalized when considerable machining is re- 
iuired, when severe cold working is to be done, or when the prod- 
uct has heen subjected to localized heating at several places for 


the purpose of forging. The normalizing temperatures are given 
in Table I. 


Hardening 


The steel should be heated uniformly to the temperature 
shown 1) 


i Table I and quenched in oil. The time, in minutes, of 
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heating in the furnace may be determined approximately }) 
tiplying the diameter or thickness of the steel in inches } 


VV HU 
Tempering 


The steel should be heated in a suitable tempering ied : 


to the temperature shown in Table I. It should be held a; 


+ 
Ny 





Table I 
Heat Treatments for Leaf and Coil Springs 


Approximat« 
Normalizing Hardening Tempering 
Temperature Temperatur: Temperaturs 
Degrees Fahr. Degrees Fahr. Degrees Fah 


1575-1625 1525 600—950 

1600—1650 1525 650-951 

1600—1675 1550—L600 675-975 

1600—1675 1550—1600 675-97: 

1600—1650 1600—1650 675-975 

Si-Mn 1600-1650 1600—1650 650—950 

*The tempering temperatures are to be used only as a guide in obt 
hardness numbers given in the table. 


temperature for sufficient time to permit complete penetration 
the heat. The method of cooling after tempering is optional 


HARDNESS TESTING OF FINISHED PRODUCT 


The Brinell test is widely used on flat leaf springs, and whet 
specified should conform to the limits shown in Table I. 


Hardness tests on helical springs may be made by the Brinellj 


Rockwell, or scleroscope tests. When the Brinell is specified. | 
should conform to the limits shown in Table I. 


SPRING SECTIONAL MEETING 


HE report of the Spring Sectional of the Society 
Schenectady, New York, May 28, 29 and 30, 1925, will 
pear in the July issue of TRANSACTIONS. 
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THE MANUFACTURE AND HEAT TREATMENT 
OF LARGE FORGINGS 


By A. O. SCHAEFER 


Abstract 


[he manufacture of large heat treated forgings is 
discussed in this paper. The author has discussed melt- 
ing practice, ingot mold design, various methods of 
pouring, hot tops, etc. The heating and forging of 
large ingots is discussed in detail. Photographs of a 
number of large forgings under various stages of pro- 
duction are included, Most of the large forgings are 
produced on hydraulic presses, inasmuch as steam ham- 
mers are not surtable for the forging of heavy sections. 
The steam hammer has the tendency to work only the 
surface of the mass of metal, whereas the hydraulic 
press, working much slower, exerts its effect through- 
gut the section which 1s under the dies of the press. 

The heat treatment and testing of forgings is given 
much consideration. The necessity of the proper rate 
of heating and soaking at heat of large forgings is em- 
phasized by the author. The testing and inspection of 
finished forgings are likewise discussed in some detail. 











7 = paper is presented in an endeavor to indicate some of the 
procedures and precautions necessary in the manufacture of 
large steel forgings, as distinct from those of ordinary size. No 
attempt is made to offer a thorough account of modern forging 


practice, 





lt may safely be said that the art of forging large masses of 
etal was developed in the production of guns, projectiles, armor 
plate and engine parts for naval vessels. 





The second important 
impetus was furnished by the improvement and growing use of 
large steam turbine units. The demand for large forged parts for 
iter purposes has been comparatively slight until recent years. 
Engineers now, however, are calling not only for larger and larger 
masses of forged steel, but also for large forgings of special proper- 
ties, The utmost skill is demanded of the steel maker and forging 
aster to keep pace with engineering progress. 









\ paper presented before the Spring Secéional Meeting of the Society, 
‘theneetady, May 28, 29, and 30, 1925. The author, Adolph O. Schaefer, 
tember A. S. S. T., is assistant engineer of tests, the Midvale Co., Nice- 
town, Philadelphia. 
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MELTING 


The successful manufacture of large forgings dep 
cial open hearth practice. Both acid and basie open heart} metal 
may be used. The first essential is the production of a sou, 

For this purpose, a well-conditioned and deoxidized heat myst \p 
teemed at the proper temperature into an ingot mold of gy; 
design. 


( ls On Spe- 


INGO, 
table 


Too high a pouring temperature results in an EXCessively coarse 
erystal structure, because the large mass cools slowly through tip 
solidification period. Such a structure necessitates extreme 
in reheating and forging to prevent pulls and tears. Sevregatigy 
also (particularly of carbon, phosphorus, and sulphur) is eneoyy. 
aged by hot pouring and the subsequent long period before solidi. 
fication. Excessively segregated metal cannot subsequently be cor. 
rected, and must be cut from the forging as scrap. All othop 
conditions being the same, a heat which is thoroughly deoxidized 
will not show as much segregation as one which is not. The metal 
will lie much more quietly in the mold, large ‘“‘land-locking”’ crys. 
tals will grow in from the chill surface enclosing portions of the 
still liquid metal, preventing excessive rejection of the lower melt- 
ing constituents to the center of the ingot. 


Care 


‘The best large ingots are cast in east iron molds similar to the 
one shown in Fig. 1. They may be either top or bottom poured. 
Each method has its peculiar advantages and disadvantayes. Top 
pouring is simpler, but the splash into the mold tends to produce 
poor surfaees. Drops splash from the stool onto the walls of the 
mold, solidify, and may cause ‘‘seabs’’ or laps on the surface of the 
ingot. Bottom pouring is not open to these criticisms, but the 
equipment required is much more elaborate, and there is the pos 
sibility that the molten metal will erode away portions of the rur- 
ner bricks and these pieces of refractory may appear later in the 
steel. 

All ingots are poured with a sinkhead or hot top which should 
be of such size and design that the pipe will be confined to it, and 
not extend into the body of the ingot. Some hot metal is fed into 
the top after the mold is filled for the purpose of insuring tl 
feeding of the shrinkage cavity with molten metal. After tt 
sinkhead is poured, insulating material is put on the top to prevel! 





LARGE FORGINGS 
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|—Cast Iron Ingot Mold for an 83-Inch “Octagon” Ingot. Fig. 2 Typical 63-Inch 
the run- Clag ; Ingot, 


too rapid solidification of this portion of the metal. Sometimes, 


h should if the sinkhead is of insufficient size or poorly designed, or the ehill 
ye 's f00 severe at the top of the body of the ingot, a bridge of metal 
°7 i nay solidify aeross the ingot and prevent molten metal from 
sini she leeding the ingot body. This condition may very well remain 
Por the undetected when the top serap is cut. Besides the principa! shrink- 


prevent age cavity, commonly ealled ‘‘pipe,’? which should be confined to 
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the sinkhead, there may be other shrinkage cavities 
various parts of the ingot. Openings due to shrinkage 
the ‘‘pipe’’ are called ‘‘secondary shrinkage cavities.’’ 


VOlds 1} 


ther than 


The ingot mold shown in Fig. 1 is typical in design for ingots 
for the largest forgings. It should be remembered that a partie, 
lar forging can best be made from an ingot of certain cross-section} 
area, the length depending on the weight needed. The mold showy 
is for a so-called ‘‘83-inch octagon’’ ingot. The ‘‘ polyhedral” 
form is generally used in order to get the proper relation of 
perimeter to area of the cross section to take care of the shrinkaye 
strains produced on solidification. A circular ingot would decreas 
the number of necessary forging operations, but it is more diffiey) 
to prevent cracking in an ingot of this cross section. Square 
rectangular ingots, however, are sometimes used. Rectangular 
ingots weighing 485,000 pounds, and octagon ingots weighing 4 
much as 275,000 pounds have been made. A typical ‘‘63-inch 
oetagon’’ ingot is shown in Fig, 2. 

The taper of the mold should be designed to insure easy strip. 
ping of the ingot, and the proper chill during solidification at all 
points, to bring the pipe up into the sinkhead. Sharp corner 
should always be avoided. 

The attempt has been made at several times to cast cored in- 
gots, to be used to make hollow forgings. A eored ingot would 
result in a great saving of metal, and a saving of time and labor. 
These attempts have not been entirely successful on account of the 
strains set ap in the metal by the rigid core and the difficulty in 
feeding the body of the ingot. 

Large ingots are also commonly cast in sand molds. Thes 
cool slowly, and minimize the danger of shrinkage strains. The 
slow rate of cooling, however, results in large erystal size and in 


creased segregation. 


FORGING 


The ingot is allowed to solidify before stripping, and is ther 
usually charged hot into the forging furnace. It is unwise t 
allow a large mass of metal of such coarse erystalline structur 
as that existing in the ingot, containing all the stresses and strain 
set up by solidification, to cool too rapidly. If the ingot is not t 
be forged immediately, it is best to cool it in an annealing furnace 
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LARGE FORGINGS 


i ; , on the 
P Forging a High Pressure Boiler Drum o 
F . , “e Pore « 7 
4 10,000 Ton Hydraulic Press g 
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sitions are annealed. 
Ingots of certain compositions are annealed ly performed in a 
Heating for forging is most conveniently | ee : 
ea oO sills Soe Any fuel may 
r-hottom furnace in the case of the largest ingots. : : a, 
| ;OTT as 
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e used, but the action of the flame should be red 








704 TRANSACTIONS OF THE A. 8. 8. T. 







heating period for large masses is necessarily long, 0; 
large amount of scale will be produced. For the same | 


? 
W] 


Nf 























ison, the 
flame should be well baffled, and not impinge upon the re : 
the ingot. Large masses of metal must be heated slowly ay ni 
formly, and soaked thoroughly until the mass has become of yy). 
form temperature. A ‘‘63-inch octagon’’ ingot is brows UD to 
forging temperature in not less than 60 hours, dependine oy ¢), 





initial temperatures of ingot and furnace, and soaked ai heat 
least 24 hours before forging. 





al 








While it cannot be said that all large forgings are made unde; 
the press, it is true that the largest forgings are pressed rather 
than hammered. Fig. 3 gives a general view of a modern 10.00). 
ton press. 














The design of forging presses has changed little since their 
inception. They consist primarily of two dies, one movable ani 
one fixed, with suitable apparatus for applying pressure to th 
movable die. In one of the earliest types the lower die was the 
movable, but this was soon changed so that the weight of the fore. 
ing would not have to be lifted with each stroke. Improvements 
have been made, chiefly along the lines of removing as many 
valves and joints as possible from the apparatus, substituting 
forgings for castings in its construction, and especially in im- 
proving the handling devices. The water under high pressure 
may be furnished directly to the press cylinder by either one of 
two methods. It may be stored in an accumulator tnder a 
weighted piston, in which case the press.is known as a ‘continu. 
ous’’ press, or it may be furnished directly from a steam or hy- 
draulie intensifier. In the latter case the press is known as “‘in- 
termittent.’’ Either one or both of these principles may be ap- 
plied in the design. 







































































The steam hammer is used for forgings of comparatively smal 
cross-sectional area. The effect of the hammer blow is sharp ani 
effective in breaking up the erystalline structure of the stee! 











reath it. It is so momentary, however, that it cannot be Used 
in working large masses or metal. 








Large presses are necessary to forge successfully large masses 
eS e 5 . 








of metal. The press must exert enough pressure to work the mets 
to the center of its mass. 











The correct forging temperature depends upon th 
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ae » thor- 

he steel. The ingot should be heated so as to be th 
Hon Ol 1@ ft e : : es wn > . yiece is 
| hly plastic throughout the mass. If the center of the I , 
yoni pie ‘ . . ° . . hacia ° Se : 
sh n the outer portions, forging may result in interna 
wmoler tha 


bursts. The finishing temperature of forging is an im- 
tears OF DUPSbts. z 


I 
i 


oe . 1 . a - ging. 
Curt Rotor Field Forging ‘ig 5—-Machined Turbo-Rotor Field 
g. 4 urbo oto ‘1e y a Fig. \ Kk yr 


. “ . ’ a series of 
portant factor. Finishing at a low temperature, by a se 
ant Ti surface. breaks he coarse 
squeezes evenly distributed over the Sul face, breaks 4 th s ’ 
| ‘ i . i le hnishe 
crain growth which would otherwise be found in t 
forging. | 1 by 
. Read iis *xplained by 
The sequence of forging operations ean best be exp al : 
z : C ae » for a large rotor 
several examples. Fig. 4 shows a typical forging for a large is tl 
i i o- = j i 5 
' id ke » pressing of this piece, 1s the 
held shaft. The first operation in the pressing > +, orkine to 
. ° : “Ss TOrK QS 
rounding up of the ingot. It is the aim of this firs : mia 
= . x a se > Torg S 
‘onsolidate the center of the ingot. For this purpose, the forging 
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tool must be heavy enough to permit the use of a wide dic. |), 
dentally, this operation accomplishes the pressing in of t! 


Corners 


of the octagonal ingot, breaking up the columnar crystal structyy 


which occurs at these edges, and the removal of the tap 
ingot. 


OT the 


Fig. 6—Turbine Spindle. 


The next operation in the forging of the piece illustrated 
(Fig. 4), is the setting down of one end to a smaller diameter 
Two things should be remembered in accomplishing this. Th 
first is, that the metal in contact with the face of the die does not 
slip or flow,—the metal beneath this surface flows. The second 
is, that the center line of an ingot is its weakest part. ‘Too rapid 
reduction from large diameters to smaller ones may cause a trans 
verse rupture beneath the point where the set-down is made. This 
is due to the different rate of flow of the metal at the outside and 
at the center of the forging. 


To make a large set-down, such as the one at the front end 0! this 
the forging illustrated, a V-tool is first used. This tool is in th 
form of a half wedge, one side being perpendicular to the top. It 
will be noticed in the illustration that the effect of this tool doe 
not extend more than six inches from the outer edge of the body. 


The flow of metal caused by the use of this tool is concentrate! 


ancer 
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| ooint. Further use would strain the metal beneath it too 


Orners 


and rupture would result. The rest of the set-down is 
‘shed with a flat die. A large fillet is allowed. Work of 


, I 
severe. 


uctur — 


OT th 


ustrated 
liameter 
is. The 
does not 
e second 
'00 rapid 


trans 


Fig. 7—Punched Billet Beneath Press on Roughing Mandrel 


nt end 0 


this sort should be done slowly, and by small increments. Unbal- 
anced strains along the center line of the ingot may result in cracks 


is in the 
e top. It :, 
a li ater In the process. 


Na yg . > . . . 

the body. | Several other points may be brought out in connection with 
1 th) “APcr} » Y . 2 . 

veentrated lS forging. No portion should be heated to forging temperature 
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without receiving some mechanical working. In the m 
of forgings having large body diameters with sudden 
of shape, care should be used to avoid the plane of we 
results from heating only that portion of the forgine 


Tacture 


CTatioy \ 


1@Ss that 


Fig. 8—Cylinder on Finishing Mandrel. 


receive heavy work. One end of a long forging may be heated tor 
further working, allowing a large portion to project through the 
furnace door. Before forging, it should be moved further into the 
furnace for a short period of time, to prevent the formation 0! aly 
definite plane where the heating stops. 
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LA 


9—Forging for Gasoline Cracking Cylinder. Ingot Weight—270,000 Pounds. Fig. 10 
for a Gasoline Cracking Cylinder After Closing-In the Ends. Fig. 11—Finished 
Cracking Cylinder. 
eated Lor 


\ rotor field shaft forging after machining is shown in Fig. 5. 
a "he top and bottom scrap may be cut either in the machine 
ae shop or under the press, at any time in the operation. The serap 
a. oe is often an aid in handling the forging, and may be held in a 


chuck or porter bar. In that ease it is eut from the forging after 


rough te 
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the other working is completed. The amount of scrap 
depends on the open hearth practice with regard to the 
design of the sinkhead and ingot. The purpose is to r 
pipe and excessively segregated metal. If this is aceo 
sufficient scrap has been removed. 


Fig. 12—Forging for a High Pressure Boiler Drum. 


The turbine spindle forging illustrated in Fig. 6 brings up 
another consideration in forging practice. . The. physical proper 
ties of steel are improved along the direction of the mechanical 
working. Turbine spindles are subject to severe radial and tangen 
tial stresses. To provide working of the metal in the direction 
of these stresses, these spindles are best ‘‘upset.’’ One or both 
ends of the spindle are first set down. The spindle is then turned 
vertically beneath the press, the set-down going through the hole 
in a bolster. The body of the spindle is then upset between the 
bolster and the cross-head of the press, or in some cases between 
top and bottom bolsters. 


Many forgings of today are hollow, such as gun hoops, cylin 
ders, turbine drums, and various large rings. In the manula 
ture of such pieces, the top and bottom scrap must first be cul 
from the ingot. This may be done either in the machine shop 
or beneath the press. The longitudinal hole is made in the bl 
either in the machine shop, by hot coring, or by hot punching 
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nder the press. In any case the comparatively weak central por- 


ion of the ingot is removed. 


The billet with an axial hole, shown in Fig. 7, is then sup- 


orted horizontally beneath the press, on a roughing mandrel. 








Finishing Mandrel Forging. Fig. 14—Rock Crushing Roll Shells. 


It is expanded, using a special die in order to work the metal 
circumferentially, and the diameter of the ‘bore is jincreased. 


Larger mandrels are used as the cylinder is expanded. The forg- 
ing may be supported by the mandrel which rests on vertical 
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supports. For the finishing operations, a V-die is used a: 
and the mandrel is not supported. Fig. & shows a eyli, 
the finishing mandrel. The loose scale in the bore my 
moved continually to prevent deep pitting. Care must 
cised on a thin-walled cylinder, supported as in Fig. 


Fig. 15—Machined Crankshaft Forging Ready for Twisting. 


remains cylindrical. Fig. 3 shows a high pressure boiler drum 
on the finishing mandrel. 


Fig. 9 shows a large forging to be used as a gasoline «! 
cylinder. This picture shows the forging before the ends ar 
closed-in. The ingot for this forging was an 82-inch ‘“‘ovtag 
weighing 270,000 pounds. Low earbon steel was used. 
ished cylinder is 44 feet, 8 inches long overall, 54 inches 
side diameter and has a wall thickness of 3 inches. It 
chined inside and outside. Fig. 10 shows the forging after it has 
been partially machined and the ends closed-in. Fig. 11 shows 
the finished cylinder. When the ends of a eylinder ar 
closed-in, the forging may be machined throughout the bo 
the inner diameters of the ends to be closed-in. The necessit 
this machining depends on the ratio of the inner diamete! 
cylinder to the bore of the closed-in portion. If this ratio is | 
it may be necessary to machine the partially closed-in bore severe 
times between operations to remove ruptures caused )b) 
cessive reduction of the diameter. 


Various types of hollow forgings are shown in Figs. !° | 
Fig. 12 is a high pressure boiler drum forging, made 


may be | 
shop. 
Very 
twenty t 
performe 


10 sealin 


the wel” 
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‘octagon’’ ingot. When machined it is 16 feet long, having 
er diameter of 563g inches, and a wall thickness of 4,3; 
inch S If is made of 0.23 per eent carbon steel. 


13 is a photograph of a hollow forging mandrel, and 


Fig. 16—Turbine Dise Forgings. 


‘iv, 14 a photograph of large rock crushing-roll shells. These 
may be forged in multiple lengths and eut apart in the machine 
shop. 

Very often a large forging must be reheated as often as 
lwenty times, due to the great amount of forging work to be 
performed on it. In each reheating there is a loss of metal due 


] 


ling and this must be taken into consideration in choosing 
he weight of the ingot used. If any surface defects appear dur- 
ing the forging operations, the forging must be cooled in an an- 
iealine furnaee, and the defects chipped out. 


tO Sea 


Crankshafts, sueh as the ones shown in Fig. 15, are first 
forged as slabs. The slab is then annealed, and then rough- 
machined in the way of the main journals, leaving fillets of large 
radius. The shaft is then heated and the cranks are twisted to 
the proper angles. The shaft must then be reannealed. 


Large dise forgings which are subjected to tangential and 
radial stresses, are best forged with the axis of the dise coincident 
with that of the ingot. The block from the rounded up ingot is 
ipset into the dise. The hub is formed by special dies. The cen- 
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ter is punched out, and the center portion of the ingot 
Two turbine dise forgings are shown in Fig. 16. 


Heat TREATMENT 





All large forgings require some heat treatment ¢. 
internal strains and to insure homogeneity. In this phas 
manufacture of extremely large forgings, each type presents ji, 
individual problems, and calls for special treatment, The proper 
heat treatment for a forging depends upon its size, shape compo 
sition, the physical properties required, and its use. Thes: | 
are intimately connected. 


remoy 


; ot The 


Tactors 


The successful heat treatment of large forgings starts with 
the handicap of the initial condition of the metal. Larve inasses 
of steel cannot be worked to as low temperatures as smaller jasses 
Because of this, the grain structure of the forging as it leayes 
the press is naturally coarse, and non-uniform. 


The principal aim of the heat treatment is to bring abouw 
homogeneity, and to refine the grain. In the accomplishment o' 


this object, another obstacle is found. One of the principal factors 
in the effectiveness of any treatment is the rate of cooling throuy! 
the critical range. With small objects this can be easily controlled 
Because of the great mass of metal in large forgings, it is difficult 
to inerease this rate of cooling, in fact it is impossible to cool the 
piece rapidly enough to prevent the formation of a coarse struc 
ture at the eenter of mass in a single treatment. 






The treatment of large forgings usually begins with a h 










several hundred degrees above the eritical range, to bring about 
complete solution of the constituents and to eradicate the forging 
structure. The forgings may be cooled in the furnace or in th 
air, but if the cooling is accomplished outside of the furnace, th 


piece should be well protected from drafts of air, moisture, or ai) 
other condition which would induce non-uniformity. ‘To refin 
the grain structure, a ‘‘stepped’’ anneal is resorted to. The initial 
heat is at a high temperature for the reasons given above. li 
second may be at a temperature slightly above the critical rany 
and this heat should be followed by one below the critica 
range. In some instances one or more additional heats above thi 
critical range may be required to produce thorough grain retin 
ment through the section. 
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same or greater precautions must be exercised in the heat 


‘se large masses of metal for treatment, as were explained 
the heating of ingots for forging. It is of such importance that 
‘he mass Of the metal be of uniform temperature, that in many 


ages the treatment may require as much as two weeks for com- 
pletion 

In the cooling of large forgings by any method, the surface 
ols at a more rapid rate than the interior. This tends to pro- 
luce a comparatively fine grain structure at the surface, which 
eeomes gradually coarser towards the center of the mass. The 
effect of repeated treatments, as shown by experience, is to in- 
rease the depth of the zone of finer grain structure, and to cause 

proportional improvement towards the center of mass. What 
annot be accomplished with one heat on large forgings is often 
accomplished by several. 

This principle should be borne in mind in treating compara- 
tively large forgings requiring quenching to produce the physical 
properties desired. The metal should be conditioned for the 
uenching treatment by an air quench and draw. This ac- 
omplishes a certain amount of grain refinement, and makes the 
wench more effeetive. A second quench is frequently resorted to 
for the same reason. 

It is sometimes difficult to prevent warpage or distortion in 
arge and uneven masses of metal. Heating and cooling should be 
is uniform as possible. The forging should be well supported in 
the furnace to prevent this trouble. For this reason gun forg- 
ngs and long shafts are suspended vertically. On quenching, the 
entire piece should be dipped as rapidly as possible. 

Many large forgings, both of carbon and alloy steels, are sue- 
cessfully given treatments, including one or more quenching oper- 
ations. ‘Turbine dises of carbon, nickel and chromium-nickel alloy 
steels show superior physical properties by this method of treat- 
ment. Large, high earbon alloy steel rolls are hardened to over 
110 scleroscope hardness. Before giving large masses of metal 
a quench, it is best first to bore the forging to relieve the weak 
center line of the ingot, and thus increase the effectiveness of the 
quench. 

TESTING 


The utmost care is necessary in the testing of large forgings 
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to be sure that the condition of the metal at all parts . 
strain is indicated. The locations of the test bars should 
to represent working conditions as nearly as possible. | 
forging, no single test bar can represent the average co) 
the metal. The center line of the ingot is the weakest pa 
forging. The smaller sections of the forging will sh 
properties than the larger portions, because they have 
more mechanical work, and are also more affected )) 
treatment. For the same reason, test bars taken at the s 
a forging will show better properties than those take 
into the mass. 
various sections subject to strain in use. 
Photomicrographs, etch tests, and sulphur prints ar 
ful in showing the grain refinement, effect-of working. th: 
of non-metallic inclusions, and the segregation of any ele 


To be sure of the solidity of the piece, and the als 
shrinkage cavities, or other openings, there is nothine 
satisfactory as the boring of the piece and the inspectio: 
bore. All large rotor field shafts, turbine spindle shafts. 


ilar objects should be bored, and the bore inspected for crac! 


other injurious defects that may have been produced }\ 
and heat treatment. The bore should be smooth and 
examined with a bore searcher. These are of various 
either a simple light and mirror, or a series of reflectiny 
with a telescope for magnification. Periscopes are maie 
form of sectional tubes, éarrying their own lights, and ma 
the surface about two and one-half diameters. 


fection may be removed by enlarging the bore. 


Any small 
If the 
clean, we may be reasonably sure of the rest of the forginy 

Various methods of testing the rest of the mass ar 
istence. The changes in resistance to the passage of 1 
flux, due to segregation or the presence of non-metallic in 


might be recorded on large forgings, and adapted to their t 


as it is now used on smaller masses. 

‘ X-ray apparatus will no doubt be successfully appli 
testing of larger masses of metal, and should provide 
method of investigation. 


An English company manufactures a so-called ‘‘clin' 


> 


tor This is attached to the forging during cooling, and 





Enough test bars should be taken to repres: 
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ilar in action to the seismograph, although not at all 
it in construction and design. It records any shock 
ceived by the piece, which might be caused by a clink or the 
nternal cracking of the piece, due to the giving way of the metal 
some unbalaneed strain. 


Small non-metallic inclusions are always found in steel to a 


ertain extent. If they are too large and frequent, they may 


ake it impossible to obtain the desired physical properties in the 

forging. Large slag inclusions, visible to the naked eye, are a 
purely local condition and do not necessarily indicate poor condi- 
tion of the metal if they do not occur in large elusters. Unless 
they occur on a journal or similar place, they are not a serious 
lefect of the forging. 

The development of the manufacture of large forgings is still 
progressing. With turbine units rapidly approaching the 100,000 
‘ilowatt mark, with boilers developing around 3,000 pounds per 
gjuare inch pressure, and the growth of the cracking of oil at high 
temperatures and pressures, the demand for large forgings for- 
merly furnished by instruments of war is gradually changing to 
1 peacetime basis. 





































THE METALLURGICAL ENGINEERING OF AIR CRapy 
PROPELLER HUBS 


By W. J. MERTEN 


A bstract 





This paper describes the development from a metal 
lurgical standpoint of an airplane propeller hub. Such 
a development requires not only the consideration o; 
the material used but also the design of the component. 
In cases discussed in this paper, it has been found neces 
sary to redesign the hub which had previously been used 
in airplane work. 

The author has described in detail the procedur 
in this development. 

Photomicrographs of the structures obtained in 
actual practice are included with the paper. 


ROM a casual survey of the development of air craft propellers 
as Shown in Figs. 1 and 2, one rarely appreciates the difficul 
ties that had to be overcome and the profound study, and detailed 
and laborious researches involved in the successful production of 
such a unit. The accomplishment of a satisfactory performing pro 

‘peller seems only natural and logical and it is hard to visualix 
that anything less complete or perfect has ever existed. 

It is still more difficult to picture the importance of an exact 
and earefully planned metallurgical practice in the manufactur 
of the hub in order to assure proper performance of the propelle: 
Considering, however, that the twelve-cylinder engine transmits 
through the hub approximately 420 horsepower at a speed of 1750 
revolutions per minute, the conception of the magnitude and impor 
tance of the apparently unimportant part is readily obtained. 

This investigation is of particular interest since it gives ¢ 
comparison of characteristics and properties of chromium-vanadium 
steels heat treated in the rolled and forged condition. 


MATERIAL AND DESIGN 
The original design of the hub (Fig. 3) specified an ordinar) 
plain carbon steel and consisted of a cylinder into the bore of whic! 
were milled four keyways 414 inches long, arranged 90 degrees 
apart. This design was changed to the double splined hub as 














The author, W. J. Merten, member A. S. S. T., is metallurgical! enginee! 
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AIRPLANE PROPELLER HUBS 


Figs. 1 and 2—Photographs Showing Airplane Propellers. This 
Paper Deals with the Metallurgical Study of the Production of a 
Satisfactory Hub for these Propellers. 
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in, order 


performance. 


A ehrom 


ehosen ana Y 
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Fig. 3—Photograph of the Original Design of the Hub Used 
Airplane Propellers and Made of Plain Carbon Steel. ‘This flu! Des 
had 4 Keyways 4% Inches Long, 90 Degrees Apart. Mak 


analysis of 
shown in Fig. 4. The consideration of concentration or |ocalizing proper il 
of stresses by such keyways was the governing reason for this 
change. Carbon 
A thorough study of the magnitude and character of tlie stress rear 
es that were encountered compelled the selection of an alloy steel Vanad 
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~der to assure an ample factor of safety to permit satisfactory 
performal 

\ ch omium-vanadium steel of the following composition was 
seen and obtained in 414-inch diameter rolled bars. <A check 
AY 





_Fig. 4—-Photograph of an Airplane Propeller Hub Which was 
Designed to Replace the Hub Shown in Fig. 3. This Hub was 
Made of Chromium-Vanadium Steel. 


analysis of every bar used for this forging was made to insure 
proper material in regard to the chemistry of the steel. 
Per Cent Per Cent 


Carbon 0.45-0.55 Phosphorus 0.04 
Manganese 0.50—0.80 Sulphur 0.04 
Chromium 0.80—1.10 Silicon 0.15 
Vanadium 0.15-0.1S 
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Fig. 5—Photographs Showing the New Type of Hub in 3 Stages of Completion, f 

Forging with the Tong Hold is Produced in 2 Steps, the First Being the Reduction of tl 2 
Rolled 4%4-Inch Bar into the 83%-Inch Forging Blank. The Center Figure is the Second St ‘ 
in the Forging Operation Wherein the Splined Blank is Produced by Forging ( 
Dies. The Figure on the Left is that of the Finished Hub. fi 
\¢ 
The forging was produced in two steps, the first being § WwW 
reduction of the rolled 414-inch slug into a 334-inch forging bla! A cheek | 

‘ . i . : ° y et leat 
with tong-hold (Fig. 5). This forging operation was conducted ' I the steel 


approximately 1900 to 2000 degrees Fahr. (1040-1090 degre and the red 
Cent.) This 14-inch reduction is practically the only real LoMBrinell hare 


ability Was s 













AIRPLANE 





PROPELLER HUBS 


orking the hub receives, and certainly produces favorable con- 
‘tions as Will be seen from physical test results tabulated. 

The second step is the drop forging of the splined blank in 
waining dies. This work is done at a yellow heat of approxi- 
nately 2200 degrees Fahr. (1200 degrees Cent.) and the steel re- 
sives very little actual hot work or kneading during this operation. 
The high heat consequently leaves the material in a coarsely granu- 
ar condition. A photomicrographical illustration of this change in 
rystal structure is presented in Figs. 6,7 and 8. Fig. 6 represents 
‘he mill-annealed bar stock. Fig. 7 is a section of the forged blank 
nd Fig. 8 a section of the drop forging in the coarsely granular, 
mannealed condition. To remove this unsatisfactory structural 
ndition and improve the machinability of the forging it was an- 
ealed at 1625 to 1650 degrees:Fahr. (890-900 degrees Cent.) soak- 
ig at this temperature for a minimum time of 114 hours and cool- 
ng in the furnace, giving a Brinell hardness of 200 to 210 and a 
airly good machinable steel. It is quite essential that the soaking 
ut the high temperature is of a sufficiently long period of time to 
move all traces of forging structure. The forging was then hol- 
ow-drilled and a fracture test for grain structure examination was 
nade, On this test specimen a Brinell hardness test was also made to 
erify the results of the previous tests. Examination of the bore 
or slag pockets and oxide inclusions concluded the inspection of 
he hub prior to heat treatment. If the piece passed this inspection 
tisfactorily the hub was put through the following heat treating 
rocess. 

Heating for Hardening—Heat slowly and-uniformly to 1650 
degrees Fahr. (900 degrees Cent.) and hold for 1 hour. 

Quenching—Quench in water and cool to approximately 
212 degrees Fahr. (100 degrees Cent.) 

Tempering—Reheat immediately in the furnace to 1100 de- 
grees Fahr. (600 degrees Cent.) and hold for 1 hour. 
Cool in the furnace to approximately 575 degrees Fahr. 
(300 degrees Cent.), then cool by quenching in boiling 
water. Hold in boiling water 14 hour. 

\ check on the Brinell hardness and other physical properties 
if the steel revealed that the ductility expressed by the elongation 
ad the reduction of area, and the machinability expressed by the 
rinell hardness were unsatisfactory. This lack of machin- 
ability was soon confirmed by the machine shops. Table II gives 
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Figs. 6, 7, 
Vanadium Steel Used in the Production of Ai 
Mill-Annealed Bar Stock. Fig. 7 is a Section o 
the Drop Forging in the Coarsely Granular Unannealed Condition. Fig. °? 
graph of an Annealed Drop Forging. It will be Noted that this is a Finer | 
than the Annealed Rolled Bar Stock. Fig. 10 is a Photomicrograph of th 
Finished Hub. Magnification 100x,. 


8, 9 and 10—Photomicrographs of the Various Structures 


lane Propeller Hubs. Fig. ‘ 
the Forged Blank and Fig. § 
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the values referred to. The heat treatment outlined above had 
given satisfactory results over quite a period of time on rolled 
hars of this steel and it was quite unexpected to find a Brineli } 
ness of 293 after a 1100-degree Fahr. (600 degree Cent.) tempering 
operation instead of around 255 as formerly on heat treated rolled 
stock. This Brinell hardness of 255 is considered the limit , 
good machinable hardness for an alloy steel. Additional tests eo) 
firmed the conclusion that a 1100-degree Fahr. (600 degree (ent 
tempering heat is not sufficiently high to produce machinabjlit, 
consistent with high ductility and resistance to dynamic stresses 
It was therefore necessary tc raise the tempering heat to 1250 dp 
grees Fahr. (675 degrees Cent.) to ebtain the proper Brinell hard 
ness and machinabilty. Ordinarily this tempering heat is consid 
ered excessive and runs too dangerously close to the lower critica! 
point for general application. 

Table I of comparative tensile test results and Brinell hardness 
of rolled versus forged chromium-vanadium steel of the above re 
ferred to composition shows a decided difference in the magnitude 
of these values and proves that a forging operation is of very great 
benefit in toughening the steel and producing greater strength. |i 
requires, however, higher temperatures for tempering. 

The photomicrographical analysis reveals that the annealed 
drop forging (Fig. 9) has a finer grain structure than the annealed 
rolled bar stock (Fig. 6.) This same difference in grain size is 
probably the factor influencing the hardness and allied physical 
properties of the forging in the heat treated condition and compel! 
ing the higher tempering temperature for sufficient ductility and 
to produce such physical characteristics and properties as are es 
sential for the satisfactory performance of appliances. of this 
type. Fig. 10 is a photomicrographical representation of the 
structure of the finished hub. Very consistent and gratifying 
results were obtained all through the period of manufacture of these 
hubs—of which approximately one thousand have been in actual 
service for quite a period of time (over one year).* As a result of 
this investigation a permanent difference in tempering temperatures 
for rolled and forged chromium-vanadium steels has been incorpor 
ated in the process specification for the heat treatment of these 
steels and is adhered to very closely and has insured consisten! 
values obtained from physical tests from which prediction for 
proper performance can be made. 
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HEAT TREATMENT OF HIGH SPEED STEEL DIES 


By C. B. SWANDER 


Abstract 


[his paper describes in detail a method for harden- 
iny high speed steel dies and circular form tools, with- 
out scaling, blistering or distorting to any marked 
deqree. 

The author uses tightly sealed graphite crucibles, 
with a small amount of silica sand and charcoal in the 
bottom, and the normal hardening temperatures for 
high speed steel. A number of precautions are outlined. 

Dimensional changes to be expected of tools made 
from round and rectangular stock are -discussed. 


yor the increasing use of high speed steel for dies, the steel 
\ treater has been compelled to improve his hardening prac- 
tice, Only dies of the simplest form can be ground on all sides 
after hardening. Fully 95 per cent are made to finished dimen- 
sions before hardening. This means that the hardener must heat 
treat such work without sealing, blistering or distorting to any 
marked degree. The average steel treater finds this difficult to 
do if he uses the ordinary method of heat treatment. This article 
is written for his consideration and discussion. 

Many processes have been proposed and many used, but in 
the average shop it is usually thought that it is impossible to heat 
treat such work in a satisfactory manner without making many 
elaborate additions to their equipment. 

The writer has tried many processes and combinations to meet 
all of the above requirements, but with the endeavor to make the 
process practical and economical and at the same time produce the 
proper grain refinement and secondary hardness with the neces- 
sary toughness. 


Most of the pack hardening processes proposed are treacher- 
ous and only produce a surface hardness, with no secondary hard- 
ness, due to the carburizing action and the low heat used. Those 
methods using high enough heats to bring out the secondary hard- 
hess are still more treacherous, slow, and rather expensive to 


A paper presented before the Spring Sectional Meeting of the Society, 
Moline, Illinois, May 22, 1924. The author, C. B. Swander, is metallurgist, 
Wagner Electrie Corporation, St. Louis. 
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operate. The salt baths seem promising where large quaittities 
to be hardened, but are expensive to operate where o 
dies at a time are to be hardened. 


The final process as adopted and used by the writ 
a year requires the following equipment: 


are 


\ a Tew 






for Over 





EQUIPMENT 


1. A preheating furnace with a minimum door opening as fol- 
lows: height 12 inches and width 15 inches, preferably larvey 

2. High heat furnace with same minimum door openiny as pre. 

heating furnace. Preferably with a heating chamber 15 inches 

high x 18 inches wide and 24 inches deep, of semi-mutftle type. 

gas fired. 

Oil quenching 











tank. 
bath. 
Cyanide or lead hardening furnace with a steel pot at least § 


inches in diameter and 10 inches deep, to use for a salt tem. 
pering bath. 


me 9 


Oil tempering 


vl 


6. Three graphite crucibles and lids size No. 10 or 12, depeni. 
ing on size of work to be hardened. 





~l 
. 


Pyrometers and thermometers. Preferably a rare metal ther. 
mocouple for the high-heat furnace. 


8. Necessary tongs and fixtures for the work at hand. 




















All of the above equipment is usually found in the average 
hardening room, with, perhaps, the exception of a high-heat fur 
nace of the above dimensions, graphite crucibles and salt for the 
tempering bath. An ordinary heat treating furnace can often 
be converted into a high heat furnace by changing to a larger 
sized burner, particularly the one burner type. 


THE PROCESS 


The process is carried out as follows: 


Inspect the crucibles and lids to see that the lids fit tightly. 
Put about 34 inches of a mixture of 14 charcoal and °, | 
sand in the bottom of each crucible. On this place a disk 0! 


silica 





maphit mad 
ucibles and 


kerted. 
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raphite made from a crucible lid. Preheat two of the graphite 
»ycibles and lids in the preheating furnace to 1500-1600 degrees 
‘ahr, (815-875 degrees Cent.), and one of the crucibles with tight 
“ting lid in the high-heat furnace to 2300 degrees Fahr. (1260 
jecrees Cent.). One of the preheated crucibles is then removed 
‘om the preheating furnace. The work to be hardened is in- 
verted. ‘The erucible and contents are returned to the preheating 
furnace. As soon as the work is preheated to 1500-1600 degrees 
Fabr. (815-875 degrees Cent.), this crucible is removed and the 
one in the high-heat furnace removed and the work quickly trans- 
ferred to the high-heat crucible, the lid is carefully placed into 
position and the erucible and the work which is just received 
placed in the high-heat furnace held at 2250-2300 degrees Fahr. 
1230-1260 degrees Cent.), depending upon composition of steel, 
for a pre-determined length of time, which naturally varies with 
the dimensions and weight of the work being hardened. ‘The time 
varies from 5 to 15 minutes, 10 minutes being satisfactory for all 
but light pieces and pieces 1 inch through or over. The crucible 
and contents are then removed from the high-heat furnace, the 
lid is then removed and the work quickly quenched into a good 
ecrade of quenching oil. When cooled to about 150-200 degrees 
Fahr. it is transferred to a hot oil bath maintained at about 400 
degrees Fahr. and tempered for 10-15 minutes, then finished tem- 
pered in a salt bath for about 20 minutes at 1100 degrees Fahr. 
95 degrees Cent.). Then it is cooled in oil. The salt film is 
then dissolved off in hot water and the die allowed to cool in air. 


By using two erucibles for preheating, the cycle becomes con- 
tinuous, as it always has preheated work ready for the high-heat 
crucible when the latter is empty. If the work is of small section, 
one preheating crucible is often sufficient. 


The dies come out remarkably clean, free from all blistering 
and sealing, all sharp eutting edges in perfect condition and with 
mall dimensional changes. Such dies have a hardness of Rock- 
Well C-60-63, seleroseope 85-95, Brinell of 600-652 and absolutely 
ile hard, with good grain structure. 


The scleroseope hardness usually varies between 90-95, which 
sat least 5 points higher than is normally obtained by the quick 
(pen fire method, used on tools that can be ground. 


The temper at 1100 degrees Fahr. as compared to no temper 
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increases the scleroscope hardness from 2 to 5 points anq at {1 


same time reduces the Rockwell hardness from 2 to 3 Points on 4] 


C-seale, with practically no change in Brinell hardness 
increases the toughness to a marked degree, which is eas 
strated by breaking a thin section say 14 x \% inch. 


It also 
i\ demon. 


French a 
and 
Strauss show this very clearly in their paper on ‘‘ Effect of H 


Treatment on Lathe Tool Performance and Some Other 
ties of High Speed Steels.”’ 
TIONS. ) 


eat 
Proper 
(September, 1923, issue of TRANS\e. 
They show an inerease in fibre stress and deflection afi 
a 1100 degree Fahr. temper. The author believes that the hich tem. 
per is necessary for die work when hardened by this method. dye: 
the added toughness which it gives, which is so important in dies fa) 
punch-press work. Hardness values are fixed and no furtho 
heating up to 900 degrees Fahr. (485 degrees Cent.) (which ix 
as high as the author has tried) for a short or long period will 
change them. The high temper also helps to prevent grinding cr 
which often means failure of the die. 


] 
AackKs 


PRECAUTIONS 


The precautions which should be taken into account in this 
method of heat treatment are as follows: 

1. Have high-heat furnace equipped with a good pyrometer, pref. 
erably with platinum, platinum-rhodium thermocouple, and 
checked often. 

Before using new graphite crucibles, anneal them carefully 
and heat to 1600 degrees Fahr. (870 degrees Cent.) with lids 
removed to burn out surface- graphite to prevent it falling 
on the work to be hardened. 

See that the lids fit tightly before starting work. 

Always have crucibles side by side when making transfer ané 
do not have lids removed longer than necessary. 

Transfer work quickly from the preheat crucible to the high: 
heat crucible, and likewise from the high-heat crucible to the 
quenching oil. 

Do not allow the hardened pieces to lie around long befor 
tempering. The sooner they are tempered, the less the danzer 
of breakage. 

After tempering in the salt bath, be sure to let the pieces £ 
cool before placing them in the hot water to remove the silt. 
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HIGH SPEED STEEL 
DIMENSIONAL CHANGES 


This method, since the finished surfaces are not scaled and 
pitted, as in open fire work, has given the author an 
opportunity to study dimensional changes. 
sve test bars, protected by steel clamps and 


excellent 
Not on any certain 
‘aps as other inves- 
‘ivators have done, but on production dies and tools of varying 
dimensions. 


Pieces made from round rolled high speed steel in the an- 
nealed condition have always expanded slightly on the linear 
dimension, When treated by this method, and shrunk slightly on 
the cross-sectional dimension, regardless of the varying propor- 
tions of these dimensions. <A piece 11% inches in diameter by 3 
inches long will usually shrink more on the ends than in the een- 

The center on such a piece usually shows no movement at 
all. If, however, the dimensions are reversed, that is, 3 inches in 
diameter by 144 inches thick, the piece gets slightly smaller on 
the 3-inch dimension and larger on the 114-inch dimension, with 
a slight bulging in the center. The average expansion in the 
linear dimension on some 50 pieces measured, was 0.0009 inch 
per inch of length, and the average shrinkage in the cross sectional 
jimension on the same pieces was 0.0007 inch per inch. 


This linear expansion of 0.0009 inch per inch checks very 
closely with eurves given by Grossmann in his paper, ‘‘ The Change 
in Dimensions of High Speed Steel in Heat Treatment’’ (May, 
1922, issue of TRANSACTIONS). 


Mr. Grossmann, however, did not 
take into consideration the cross sectional changes. 

My experience has shown that dies made from rectangular 
sections show much smaller dimensional changes than those made 
from round bars. They usually expand slightly in the center on 
the linear dimension, the edges showing little movement. On the 
width they usually expand slightly in the center and shrink slightly 
on the ends. On thickness they practically always expand, the 
expansion being more pronounced in the center; here again show- 
ing the bulging effect previously mentioned. 

Some data along this. line may be of interest to show the 
small change that reetangular stock undergoes in hardening by 
this method. A few 6-slot motor laminre dies made from bar 
stock 114 x 4 inches were ground on all sides, measured earefully, 
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Dimensional Changes of High Speed Rectangular Bar Stock 
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Before Treatment 


After Treatment 














































Scleroscops Kael ’ 
Inches In Center At Ends Reading KR letter. bor 
Length .......5.072 5.072 ; } ardness IS 
Width .......3.943 3.9435 3.942 92 ( r . 
Thickness ....1.1235 1.1247 | Rahr, (1200 


Length .......5.93 5.933 1100 to 1 
Width .......3.724 3.725 3.724 93 Cf 
Thickness ....1.063 1.0635 use the low 
Length .......5.883 5.883 ) hardness. 
Width ....... 3.422 3.422 3.420 | 92 ( 

Thickness ....1.0595 1.060 J The te) 
Length .......5.941 5.938 for dies ha 
eee 3.591 3.591 3.588 90 Cr 

Chickness ....1.070 1.071 lower hard 





Treatment :—Preheated 1600 degrees Fahr. (870 degrees Cent.) for 30 minutes 


Trar vey ot seal 
ferred; in high-heat furnace for 13 minutes at 2300 degrees Fahr. (1260 deg Cent 
Quenched in oil. In oil at 400 degrees Fahr. for 15 minutes. In salt at 1100 s Fah the danger 


(595 degrees Cent.) for 25 minutes. Cooled in cil. 


steels are i 


types. Th 
Discussion 


endurance, 

high heats 

You no doubt have observed that the main difference between There! 

the method outlined and standard practice is the use of oraphite ici on 

crucibles and lids, with about 34 inch of a mixture of 1 charcoal vicahle ae 
S | 


and 2% silica sand by volume in the crucibles in which the work 
is heated. The reason for the use of graphite crucible is that the 
gases therein are reducing at all times, thus preventing the for 
mation of scale. These gases do not carburize at the pre-heat tem- 
perature, and show only a slight carburizing effect at the hig 
heat temperature, this carburization being well under the eute 
toid range. 


The graphite crucibles stand the high heats well, and are 
comparatively cheap. 


the best fin 
Mueh 
der pieces 
the author 
x 3 inches 
Just 
tool make 


the die mM 


bath is ar 
It is important that the work be thoroughly protected from eel. By 
oxygen at all times. For this reason the added precittion ' salt bath 


taken of using the small quantity of charcoal, particuarly in the waite reac 


preheat crucibles. If by chance scale is formed during the pre 


° . . ° . So ra 
heat operation, it is reduced by the carbon monoxide present a 
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she high heat, producing a soft skin or decarburized surface. This 
; the reason that emphasis is placed on tight fitting lids and 
transferring work quickly. 

Large pieces, such as form tools, are handled individually, 
sting directly on the graphite slab, while small pieces are sus- 
ee by wires from an umbrella-like fixture made of sheet steel 

. from seale. 

The process is quite flexible and need not be followed to the 
jitter. For instanee, if the operator feels that full secondary 
hardness is not required, he can use a lower heat, say 2200 degrees 

1205 degrees Cent.), and a low temper or quench into sait 
at 1100 to 1300 degrees Fahr. There are many who advocate and 


se the lower heats on delicate dies not requiring full secondary 


hardness. 

The tendeney of many manufacturers using high speed steel 
for dies has been to use a 14-per cent tungsten steel due to its 
lower hardening temperature, thereby eliminating as much dan- 
ver of scaling and pitting as possible. But by the above method, 
the danger of scaling and pitting is eliminated. Low tungsten 
steels are more sensitive to heat treatment than the high tungsten 
types. They are also more brittle when hardened for maximum 
endurance, and more subject to grain growth when held at the 
high heats for a long time than are the high tungsten types. 

Therefore, when using this method which is a slower heating 
method and requires holding at a high heat longer, it seems ad- 
visable to the writer to use an 18-per cent tungsten steel to obtain 
the best finished product. 

Much less warpage is obtained on thin punches and long slen- 
ler pieces by this method than any other high-heat method that 
the author has tried. Small punches, 44 inch- thick x 34 ineh wide 
‘3 inches long, come out straight. 


Just a word about clean annealing of hardened work, for 
tool makers and tool designers occasionally make mistakes, and 
the die must be reworked. The writer has found that the salt 
an exeellent medium for annealing hardened high speed 
steel. By heating to 1350 degrees Fahr. (730 degrees Cent.) in a 
silt bath and allowing to cool in air the die is soft enough to be 
uite readily reworked and is not sealed. 


So far, for a salt bath for tempering and annealing, the author 
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has used a mixture sold by an eastern firm which freeyes 
1075 degrees Fahr. The small quantity used during 
not warranted much investigation along this line. 


at about 
Year hag 

Circular form tools for automatic machines can hardened 
by this method and thereby save the expensive operation of op) 
ing. In fact a large portion of my data on dimensional chanosg 
of round high speed steel was obtained from circular for. 
and verified by several test bars. 
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CONCLUSION 


The main difference between the method outlined and th 
usual open fire method is the use of graphite erucibles in whic) 
the work is heated. The method is economical to operate and pro. 
duces work free from scale, blisters, and pits, with full secondary 
hardness properties. 

Pieces made from round high speed steel stock always ex. 
pands on the linear dimension and shrinks on the cross sectional 
dimension when treated by this method. 

Pieces made from rectangular high speed steel stock show 
less dimensional changes than those made from round high speed 
steel stock. 
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HEAT TREATMENT OF CAST IRON 


By FRED Grorts 


Abstract 


lt has always been considered impractical to heat 
treat cast tron; also that once cast if the iron was too 
hard for machining there was nothing to do but send 
the part to the scrap pile. The purpose of this paper 
is accordingly to show that the physical properties of 
cast. iron can be very radically modified by suitable 
heat treatment, Also that the addition of alloys as well 
as close chemical control of the cupola will give results 
that are very desirable. 

The possibilities in connection with short time mal- 
leablizing are discussed as well as the salvaging of de- 
fective castings by means of a copper-nickel alloy with 
the electric arc. 

HE heat treatment of cast iron presents some interesting 

mal possibilities. By heat treatment is meant the application 
of heat to such an extent that certain changes in the structure 

oN occur which produce desirable physical properties. However, be- 

ee] fore taking up these points it is best to first discuss some of the 
metallurgy of this material. 

Ordinary cast iron is made in a cupola furnace which is a 
lng cylindrical furnace mounted in a vertical position. It is eus- 
tomary to figure the charge so that a definite final analysis is 
attained. Not only is this possible for one charge, but for many. 
For example, it is sometimes necessary to pour several types of 
castings of various weights, requiring a metal of different compo- 
sition for the different castings. Also, it is sometimes desirable 
to pour a chilled iron type, followed, perhaps, by a soft iron one. 
This is sometimes done by the adding of ferrosilicon to the ladle 
in sufficient quantities to give the desired results. Silicon has the 
peculiar ability to prevent or retard the combining of carbon with 
the iron. 

In deseribing the general procedure and apparatus used for 
obtaining these general data contained in this paper, a Whiting 


c 


A paper presented before the Chicago chapter of the Society. The 
author, Fréd Grotts, member A. S. S. T., is inspection and metallurgical 
engineer of the Caterpillar Tractor Co., Peoria, Ill. The data contained in 
(ts paper were collected by M. L. Frey, metallurgist, and E. C. Alexander, 
foreman of the heat treatment department of this company. 
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cupola with a 48-inch shell and a 6-inch lining, was 
tuyeres were four in number, 414 x 7 inches at the back 
side, placed 18 inches above the bottom. Upper tuyere 
vided, but were not used. The slag hole was level wit! 
edge of the tuyeres, while the level of the charging door 
feet above the bottom of the cupola. 

The air blast was furnished through a 12-inch pipe hy , 
centrifugal compressor having a speed of 3500 revolutions 1, 
minute, producing a pressure of six ounces per square inch, yess. 
ured by an open-end manometer attached so as to show stat 
pressure only. 


Sed. The 





or Narr W 





Were pr0- 





; 
Lie lower 





Was hfteey 















‘y 














The coke bed was made up 35 inches above the tiyeres an) 
contained above 960 pounds of coke. The total charge was 16() 


pounds of metal with about 160 pounds of coke added betwee, 
charges. 














The melting ratio, with the size of heat shown, was about 1) 
metal to 1 coke, not including the coke bed: It is possible, with 
this cupola, to increase the ratio to 11 to 1 and still have hot 
metal, but with chilled iron production this is not advisable, be. 
cause in so doing the coke bed is necessarily lowered and less coke 
is used between charges. This causes the cupola to run more | 
less under oxidizing conditions, and will burn the carbon out \ 
the metal, and may, in extreme cases, oxidize the iron severel 
The result is that the eastings crack. As soon as the amount 0 
coke is increased, the castings do not crack and the total carbo: 
of the iron increases. As a rule, the deeper the chill in the cast 
ing, the higher will be the total carbon content necessary to pr 
vent cracking. With the depth of chill at present used in th 
production of truck wheels, the minimum is 3.00 per cent carbon. 














THe CHARGE 





The metal charge of 1600 pounds is split into two hall 







charges of 800 pounds each. The constituents are charged a 
follows : 

Coke Charcoal Pig 

Steel Serap 








Mayari Pig 










Little trouble is experienced with the transition from on 
mixture to another. Heavy fly-wheels are poured from the irom 
intermediate to the last of the chilled iron and the first of th 
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HEAT TREATMENT OF CAST IRON 


Enough ferrosilicon (80 per cent silicon) is added in 
to inerease the silicon content of the metal about 0.5 


The flux used is dolomite that will pass through a 2-inch 
wreen, With the fines sereened out. Twenty-five to thirty pounds 
i 


are used to a charge, and is charged on the coke. Under normal 
operating conditions the slag produced is free-flowing. 


Typical analysis of the materials used are: 


MAyArI Pie: 
Total Carbon 3.20 
Manganese 1.30 
Sulphur 0.020 
Phosphorus 0.028 
Silicon 1.96 
Nickel 0.73 
Chromium 1.84 


CHARCOAL Pie: CoKE Pie: 


Manganese Manganese 0.78 


Sulphur .028 Sulphur 0.022 


Phosphorus Phosphorus 0.432 


Silicon Silicon 2.50 

The hard iron serap is the chilled iron returned from the 
foundry. It eonsists of gates, sprues, bad castings and rejected 
material. The soft iron serap consists of the soft iron returned 
from the foundry, the gray iron scrap that accumulates through- 
out the plant, and purchased serap, which makes up the largest 
part of the charge. This latter material will contain about 2.25 
per cent silicon and 0.045 per eent phosphorus. The steel scrap 
is miscellaneous in nature. It is obtained chiefly from the machine 
shop and the rebuilding department. No turnings are used. 

The term east iron as used here applies to any iron in the 
‘ast condition which contains so much carbon that it is not use- 
‘lly malleable at any temperature, even in the annealed condi- 
tion. It is divided into five types or kinds; namely, gray iron, 


semi-steel, alloy east iron, chilled iron and white iron. 


ay cast iron might be said to be the standard cast iron. 
It is intended for parts that are not subjected to severe shock or 
'ension. When it is used in places where shock occurs it is 


(tr 
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necessary to increase the section accordingly. A typical analys; 
of soft gray iron is as follows: 


Per Cent 

Carbon 3.50 

Manganese 0.35 

Sulphur 0.11 

Phosphorus 0.45 

Silicon 2.75-3.00 
The general physical properties of gray cast iron are low. T 
tensile strength averages between 18.000 to 20,000 pouns 
square inch with a scleroscope reading of 26 to 30. By quench 
ing this material from a temperature of 1550 degrees Fahr. (R45 
degrees Cent.) a noticeable increase in hardness is observed. |p 
fact, an average of 50 scleroscope has been obtained in treating 


1¢ 
ls per 


Transverse and Hardness Tests 





Annealed Annealed Annealed 
Material Bar No. As Cast 700° F, 1200° F 1500° F 


HEAVY CHILL MIX 
C. ’ 

Mn. 
S. 


6000 6180 
6790 7780 
6400 6§650* 


es 6396 


Si. ‘ 
Cr. 65 Scler. 39 3s 36 
Ni. f Brinell 199 96 187 


6220 54° 5825 
C. 3. 5870 22: 6825 
Mn. 4 6950 365 6000 
Ss. 


P. . Av. 6346 a4: 6216 
Ni. 55 - Scler. 36 35 
Cr. .56 Brinell 187 

Si, ot 


GRAY IRON 3600 4000 
Cc 3.24 : 4200 4650 


Mn. 0.96 4100 4450 
S. 0.150 


P. 0.514 AV. 3966 4366 
Si. 2.46 Scler. 31 33 
Brinell 131 131 





*Indicates faulty bar. 





a large number of cylinder heads. It should be observed, however. 
that when a scleroscope reading of 50 to 60 is obtained it is cus 
tomary to draw back the hardness to 35 to 45. Care is necessary 
in treating intricate shapes because quenching cracks are some 
times caused by too rapid and complete quenching. 

When castings, such as cylinders and pistons, are taken direct: 
ly from the foundry to the machine shop, trouble is experienced 
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from distortion; that is, the parts will almost invariably go out 
of shape or take odd twists on plain surfaces after quenching. 
This is due to the relieving of strains that exist in the green ecast- 
‘ngs. ‘To obviate this condition it is common practice to season 
the castings by permitting them to lay for several weeks. Where, 
however, production will not permit a delay, it is good practice to 
anneal the castings at a temperature of about 600 degrees Fahr. 
39) degrees Cent.). This will relieve strains without undue 
softening and weakening the material. 

Often when close attention is not given to the charges, the 
analysis will vary so much that hard fins or edges will result on 
thin section castings. Since these hard spots are due to combined 
carbon or cementite, a method of annealing is necessary to salvage 
such castings and avoid tool trouble. Conditions as here men- 
tioned will spoil stellite or high speed tools as fast as they ean be 
supplied. Massive cementite in white iron rapidly breaks down at 
1750 to 1800 degrees Fahr. (955-985 degrees Cent.), making a 
material which is easily machined. 

By reducing the silicon content from the above mentioned 
analysis to approximately 1.30 per cent it is possible to greatly 
increase the tensile and transverse strength. 





Total Carbon, Silicon, Tensile Strength, Transverse Strength, 


Per Cent Per Cent Lbs. Per Sq. In. 
3.1 1.18 31,000 
3.0 1.30 33,000 

$.1 1.35 35,000 

3.06 1.40 42,000 5500 


Semi-steel is cast iron, to which steel scrap has been added. 
The amount of steel scrap varies from 10 to 50 per cent. The 
addition of steel scrap is for the purpose of increasing the tensile 
strength, transverse strength and hardness. An average chemical 
analysis and physical properties of such a material is as follows: 


Per Cent 

Total Carbon 3.10 

Combined Carbon 0.90 

Manganese 0.70 

Silicon 1.10 

Sulphur 0.09 

Phosphorus 0.11 

Ultimate Tensile 50,000 Ibs. per sq. in. 
Transverse 6,500 Ibs. 

Brinell 175-240 
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The advantage of semi-steel over ordinary east iron equiy. 
alent silicon content is that the grain size is smaller, th sulphu 
and phosphorus contents are lower and the tensile strc) ™ 
higher. This material resists corrosion better, and has jy 


ter 
shock resisting properties than gray iron. 


Chilled iron can be produced from low silicon east 
pouring the molten metal against a cold surface. This type of 
material is very desirable from many points of view. It mieht }y 
likened to ease hardened steel; that is, it has a hard surfac 
posed of massive cementite over a less hard background of inediy) 
soft gray iron. The chilled surface has a scleroscope hardness of 
70 to 80, while the background averages about 38 to 45 
an average ultimate tensile strength of 40,000 pounds pe 
inch, 


ron by 
> COM 


cll dl has 


square 


In some castings the chill will affect machinability radically, 
In order to prevent excessive scrapping of raw material. 
trouble from burnt tools, it is our practice to route all castings 
directly to the heat treating department, where the material is 
subjected to an annealing operation; that is, the parts are heated 
to 1750 degrees Fahr. (955 degrees Cent,) for a short tine, then 
the machining operations are performed and the parts are re 
routed to the heat treating department for quenching and dray 
ing. This procedure gives a material having a hardness practi- 
eally equivalent to the original chill but without any too! trouble 
or loss of material. The physical test of this heat treated material 
shows a 5 per cent increase in tensile strength over the untreated 


als 


Physical Properties of Heat Treated and Non Heat Treated Chilled Cast Iron 





Treated 
Tensile Strength, 
Lbs. Per Sq. In. 


Untreated — 
Tensile Strength, 
Lbs. Per Sq. In. Degrees Fal 


21,000 24,000 Annealed at 1750 
19,500 23,000 Quenched at 
20,000 25,500 Quenched in 
23,000 22,500 Drawn at S$! 
Average 21,000 23,000 
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It very important that the complete breakdown of the 
mentite be accomplished, otherwise quenching cracks will gen- 
orally result. It has been definitely proven that this reaction is 
. er of time, temperature and mass. For example, if the heat 
's applied long enough at 1300 degrees Fahr. (705 degrees Cent.) 
, omplete graphitization is accomplished the same as heating to 
1790 or 1800 degrees Fahr. (955-985 degrees Cent.). The time, 
however, in the latter case is greatly reduced. 

It might be mentioned that an exhaustive test was run to 
jetermine the best material for certain valve tappets. Among 
the materials tested were properly heat treated 8S. A. E. 1020, 
9390, 3250, 6150 and chilled iron. The steels in each case showed 
, checked or roughened surface after 8 hours of running, while 
the chilled iron retained a perfectly smooth mirror surface. In 
order to increase the life of the wearing end which was in contact 
vith the push-rod, a cyaniding operation or a simple oil quench 
was made use of. This gave the required hardness. 


ALLOY CASTINGS 

The subject of alloy castings is a rather broad subject and 
really should be eovered in another paper. The use of chromium, 
nickel, aluminum and copper have been studied. At present the 
standard mix eontains small amounts of chromium and nickel. 
Chromium helps the chilling quality of an iron, while nickel 
vems to retard it. Nickel increases the general hardness and 
strength. Copper has much the same effect as nickel in amounts 
up to 1 per eent. Aluminum refines the iron by deoxidation. 
Nickel vives: the best result of all of the alloys tried, as it in- 
eases the bending strength materially and the tensile strength 
about 15 per eent. The eastings, while having a good sclero- 
sope hardness, are still machinable. It is of importance to know 
at a pig iron ean be purchased which contains chromium and 
nickel in varying amounts. Since the alloys are present in the 
pigs no difficulty is encountered in eupola practice when addi- 
tions are made. 


Waite Iron CASTINGS 


White iron eastings find their application as malleable cast- 
ings after the graphitizing treatment. The item of interest from 
a heat treatment standpoint is that a white iron can be broken 


down very quickly by heating to 1800 degrees Fahr. (985 degrees 
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Cent.), then, by quenching in water and drawing at approxima, 
1300 degrees Fahr. (705 degrees Cent.) a product is obtained that 
is readily machinable and has good strength. High ductility 
however, is absent, which is one of the essential requirements ,; 
high quality malleable cast iron. The application, howeyey s 
the above treatment is not intended for maximum malleability | 
for a strong intermediate product. | 


Nn 
) 


ut 


WELDING oF Cast IRONS 


The welding of cast irons is always a subject of interey 
however, as it has been exhaustively treated by others, only a fey 
points will be empnasized in this paper. 






Defects are often found on finished surfaces and in ordey 
to salvage these parts, a welding alloy of copper-nickel is ys0 
with the electric are. This weld is readily machinable and has , 
good bond with the iron. It has good elastic properties which 
reduces cracking to a minimum. The application of this allo 
ean be made with the acetylene torch but the electric are seens 
to produce more desirable results because the acetylene method 0! 
welding requires extensive preheating and high temperatures. It 
is practical to braze malleable castings as a salvaging proposi- 
tion. 










In summarizing this paper, the following points are pre- 
dominant : 


4 















Hard spots in cast iron eastings due to combined carbon can 
be removed by heating to 1750 degrees Fahr. (955 degrees 
Cent.). 


no 


There is a certain application for hardening and drawing cast 
iron. 


3. Cast iron to which steel has been added has increased tensile 
strength. 


4. Chilled iron can be softened, then rehardened by heat treat- 
ment. 


5. White iron ean be quickly graphitized by heating to 17! 
degrees Fahr. (955 degrees Cent.), then quenching and draw- 
ing. 
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FACTS AND PRINCIPLES CONCERNING STEEL AND 
HEAT TREATMENT— PART II 


By H. B. KNOWLTON 


Abstract 


This article explains the structures and properties 
produced by cooling plain carbon tool steel ai different 
speeds from above the critical point. The different 
quenching media are discussed briefly. Some practical 
advice concerning heating and quenching is given. 

The process of tempering or drawing is explained. 
The effects of different tempering temperatures is dis- 
cussed. The relatwe merits of color tempering and 
tempering in a liquid bath are also discussed. It ts 
brought out that steels of the same hardness may not be 
similar in their other properties if the hardness 1s 
produced by different heat treatments. 


\ a previous article,’ it was shown that when a high carbon tool 

steel is heated through a certain definite temperature (called the 
‘critical point on heating’’ or the ‘‘Ae point’’), the steel loses 
its magnetic properties, and acquires the ability to harden if 
quenched. It was also shown that the structure of the steel became 
very fine grained when the steel was heated to this temperature. 
Particular emphasis was placed upon the fact that these changes 
took place at a certain definite temperature, which is called the 
critical point. It was further shown that quenching this kind of 
steel from temperatures still higher above the critical point did not 
produce any greater hardness but did make the steel more brittle. 
The higher the steel was heated the more brittle it became after 
quenching. In short it was shown that the best combinations of 


. ‘The first installment of this series of articles appeared in the March, 1925, issue of 
RANSACTIONS 


; The author, H. B. Knowlton, member A. §S. S. T., is instructor in metal- 
‘urgy, Milwaukee Vocational School, Milwaukee, Wisconsin. 
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hardness, toughness and fine grain could be produced only \yy hea. 
ing this steel to just above the critical point and quenching ; 
Therefore, it would follow that a knowledge of the critical pojn 
of a tool steel should be of great value to the practical hardener 


[Stee heated above the Ac point becomes non-magnetic and gains power to harden 
if quenched 





Cooled 


Cooled slowly TX’ Slowly 
\ 


j 


















Quenched 
Quenched 
Quenched 









Steel heated to 


eek eel Steel heated above Ac 


Steel heated Steel heated 











to below Ac to above Ac in aioe Ie and cooled slowly to 
and quenched and quenched ond theta a below Ar and quenched 
remains soft. becomes hard. comes hard. becomes soft again 


Fig. 1—Diagram Showing the Effect of Different Heating and Quenching T: 
the Properties of High Carbon Steel. 






Similarly it was shown that when a high earb®n tool steel which 
has been heated above the Ac point (critical point on heating), 
is allowed to cool slowly it does not lose its hardening power 
or regain its magnetic properties until it reaches another certain 
temperature which is called the ‘‘ Ar point”’ or the “‘eritical point on 
cooling’’. The Ar point is not the same temperature as the Ac 
point, in fact the Ar point is usually from 70 to 100 degrees Fahr. 
lower than the Ac point. So, while it is necessary to heat an 
ordinary high carbon tool steel to 1380 degrees Fahr. (750 degrees 
Cent.) or above to harden it, once it has been heated to this tem- 
perature, it does not lose its power of hardening until it has cool- 
ed to 1250 degrees Fahr. (650 degrees Cent) or below. This point 
is also of practical value to the hardener, and will be referred 
again. With the indulgence of the reader, the diagram represent: 
ing these changes is repeated, as it may make some of the presellt 
article a little more clear. See Fig. 1. 
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It is natural for one to wonder why certain changes take place. 
it is usually true that a knowledge of why things happen is of 
real practical value in solving new problems. On the other hand, 
attempts to reason out why certain changes take place, sometimes 
ads to the forming of assumptions and speculations which one 
person can not prove and his opponent ean not disprove. 


So it has been with the hardening of steel. For years there 
has been much 4iS@ussion as to why steel hardens. Many theories 
have been offered. However, there is still room for differences of 
opinion. All of the auithorities do not agree. When it is finally 
determined and proven just why all of the actions in hardening, 
tempering, and annealing, take place, it is probable that we will 
be in position to do much better heat treating. In this article, we 
lo not wish to go into the discussion of any of these theories of 
hardening. There are, however, some facts about hardening and 
jeat treating which have been established and we will devote a 
little time to the consideration of some of these scientific facts, 
as they are of practical value in the consideration of commercial 
heat treating problems. 

The use of the microscope has brought out some of the most 
interesting and valuable scientific facts concerning the changes 
which take place in steel during the heat treating operations. This 
is not a matter of theory or speculation. The differences in the 
structures can actually be seen when the steel is examined with a 
microscope. 

It will not be possible in this article to give a thorough dis- 
cussion of microscopic structures, because the microscopic study 
of steel is a big subject in itself and it would be impossible to do 
it justice in a few pages. However, a few photomicrographs are 
presented in order to show the reader that there really is a con- 
siderable difference in the structure of steel after different heat 
treatments, and that these structures are well worth studying. 


Nig. 2 shows the structure of an 0.85 per cent carbon tool 
‘eel in the annealed condition. This is the structure which 
netallurgists eall ‘‘pearlite.’? When this steel is heated to the Ac 


pont (critical point on heating) it not only loses its magnetic 


properties, and aequires the power of hardening, but its entire 
‘ructure changes. If it were examined under the microscope 
while heated above the critical point, it would show the structure 
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represented in Fig. 3. This structure is ealled ‘‘au 
honor of Sir Roberts-Austen an English metallurgist \ 


plished a great deal in the study of steel and iron at hi 
atures. 


nite’ : in 
QO accom. 


tl temper. 


All steels when heated to above the critical point are changed 
into austenite. When in this condition all steels are somewha 
alike. They would all show much the same microscopic structyy 
as shown in Fig. 3. On the other hand, the different steels jin th. 
annealed condition show quite different microscopic structures 
It will be noted that austenite as shown in Fig. 3 seems to be made 
up of irregular grains or crystals of the same substance, while 
in Fig. 2 which shows tool steel in the annealed condition ther 
seems to be at least two constituents present, one of which appears 
darker than the other. 


The explanation of this is that when steel is heated to above 
the critical point, the iron and carbon form a solid solution. 
the man who has not studied metallurgy the idea of a solid solution 
may be somewhat new, and yet solid solutions are not uncommon. 
They are similar in many respects to the liquid solutions with 
which we are all familiar. They can probably be best explained 
by comparing them with liquid solutions. When salt is dissolved 
in water, a liquid solution is formed. Such a solution looks like 
clear water. Even if a drop of the solution is examined under a 
high power microscope, it is impossible to see any particles of salt 
in it. When the grains of salt were dissolved, they were broken 
up into particles which are too small to be seen even with a micro 
scope. It is possible to have much or little salt in the solution, or 
as it is sometimes expressed, the solution may be concentrated or 
dilute. If the solution is stirred up, the salt will be evenly dis- 
tributed throughout the solution. On the other hand, if the salt is 
dropped into a glass of water and not stirred up, it may be pos- 
sible at least at first, for the solution at the bottom to be more con- 
centrated than the solution at the top. If a dilute salt solution is 
frozen, a block of ice is formed in which no particles of salt can be 
seen. The salt is still dissolved. It would still be impossible to 
see the salt even with a microscope. Such a solution is called 4 
solid solution. This may explain the nature of a solid solution. 


So, it may be said that when steel is heated to above the criti: 
ical point, a solid solution is formed. The only difference }s that 
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n this case the solid solution is formed directly without a liquid 
olution being formed first. This solid solution may contain small 
»rrelatively large amounts of carbon, manganese and other elements 
jissolved in the iron. Like most solutions there is a limit to the 
mount of carbon which may be dissolved, and also like most sol- 
stions the limit of solubility varies with the temperature. When 
the solid solution, or austentite, is examined under the microscope, 
t is seen that it is composed of crystals. These are not erystals 
of iron or carbon but of the solid solution itself. When the steel 
's heated to just above the critical point the austenite crystals 
formed are very small. When heated to higher temperatures these 
erystals grow larger. The higher the steel is heated the larger the 
crystals become. The length of the time of heating also has an 
effect upon the size of the crystals, although even a few minutes at 
a white heat will produce larger crystals or grains than several 
hours just above the critical point. This may explain the reason 
that the fracture of over-heated steel is always coarse grained. 


The fact that the heating of steel to above the critical point 
is really a process of forming a solid solution, is of great practical 
importance. All annealing, hardening and other heat treatments 
which seek to refine the grain must proceed by first forming a 
slid solution, and many of the commercial heat treating failures 
are due to the fact that a perfect solution was not formed. Forg- 
ings, castings and other parts which have cooled from high tem- 
peratures, and which are consequently coarse grained, must fre- 
quently be held at some temperature above the critical point for 
considerable time in order to form a complete solution, just as it 
takes longer to dissolve larger crystals of salt than it does small 
ones. Again the higher the temperature the faster the solution 


will be formed. In the ease of fine grained steels it is not so diffi- 
cult to form the solid solution. 


Errect OF SpgEp or Coouminc From ABOVE THE CRITICAL PoINnT 


The hardness of high carbon steel is greatly affected by the 
tate of speed with which it cools from above the critical point. In 
‘xplaining the effects of the different cooling speeds, an 0.85 per 
‘ent carbon steel will be considered because this presents the sim- 
plest condition. (Carbon steel having a carbon content of 0.85 per 
‘ent is commonly used for cold chisels and other tools requiring 
ihard cutting edge and resistance to shock.) 
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As already stated, when such steel is heated to al 
point (critical point on heating) it becomes austenitic 
solution. When it is allowed to cool from above this 
change takes place until it reaches the Ar point (critica! point op 
cooling). At this point, if the cooling is slow, the austenite begins 
to break up and change back into ordinary annealed steel. [his 
change can not be made instantaneously. In fact the change hack 
to soft steel involves several different steps. The microscope proves 
that there are at least four of these steps in the change from 
austenite back to annealed steel or pearlite such as shown in Fig, 2 
The steps or stages in the transformation from austenite to pearlite. 
are called martensite, troostite, and sorbite.2 The structures of 
martensite, troostite and sorbite are shown in Figs. 4, 5, and 6. 
(These photographs are presented for the purpose of showing that 
there really is a difference in the structure. It will not be attempt. 
ed to give a technical discussion of the different structures. 


the Ae 
‘ a solid 


point, no 


All of these changes require time. As they are changes in the 
internal structure of the steel, they can take place only while the 
steel is hot. It has been noted that some slight changes in the 


properties of steel may take place after the steel is cold, but these 
changes are not great enough to make any marked difference in the 
structure of the steel as observed under the high power microscope 
As a general rule it will hold that most of the changes in the strue- 
ture of steel must take place while the steel is hot. It must follow, 
therefore, that if the steel is to be changed from austenite to pearl. 
ite that plenty of time must be allowed for all the changes to take 
place before the steel becomes cold. These changes begin as soon 
as the steel has cooled to the Ar point. It is not possible to give 
any definite temperature below which no change takes place. At 
temperatures only a little below the Ar point the changes take 
place fairly rapidly. At lower temperatures the changes take 
place slower and slower until finally at room temperature (7! 
degrees Fahr.), they practically do not take place at all. Pearlite 
may be produced either by very slow cooling all the way from the 
critical point down to ordinary room temperature or by cooling 
to a little below the Ar point and then holding at that temperature 
long enough to allow all the changes to take place. After this has 
been accomplished the cooling may be faster. 


2These names have been given in honor of Martens, Troost and Sorby. 
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Photomicrograph of Pearlite. 2000x. Fig. 3 —Photomicrograph of Austenite. 
‘Photomicrograph of Martensite. 500 x. Fig. 5—Photomicrograph of Sorbite. 


6—Photomicrograph of Martensite (light) and Troostite (dark). 500x. 
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EXPLANATION OF HARDENING 


Steel is hardened by rapid cooling from above the eritical 


point. Such rapid cooling does not allow time for all the changes 
from austenite to pearlite to take place before the steel becomes 
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Austenite Martensite Troostite Sorbite 
Non Magnetic 
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Fig. 7—Diagram Showing the Structures and Properties Produced by Different Cooling 
Speeds. 


too cold for such changes to take place. Fig. 7 is a diagram which 
shows how the different speeds of cooling may stop the change from 
austenite to pearlite in any one of the steps of the transformation. 
In this diagram the vertical distances have been used to repre- 
sent temperatures, while the horizontal distance represents 
the time of cooling. No definite temperatures or periods of time 
are given because the diagram is intended to explain the general 
principles only. Near the top there is a horizontal line drawn 
across the diagram which represents the critical point on cooling 
(Ar point). Near the bottom there is another horizontal line to 
represent the temperature below which structural changes do not 
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veadily take place. It must be remembered that this is not an exact 
temperature like the eritical point, although for convenience of 
plotting it is represented as such. It is assumed that the steel has 
already been heated above the Ac point (critical point on heating) 
and is consequently in the austenitic condition. The diagram 
shows what happens when steel in this condition is cooled at differ- 
ent speeds. 


Instantaneous Cooling 


The left hand figure represents what would happen if it were 
possible to cool the steel instantaneously, that is in zero time. If 
this were possible, the austenite would remain unchanged after 
cooling. As a result the steel would be austenitic after it was cold. 
[t is not possible in the case of the ordinary plain carbon steels 
to cool fast enough to prevent any change from the austenitic con- 
dition. However, in the case of some of the high alloy steels it is 
possible to produce austenite in the cold, and it is to these steels 
that we owe a large portion of our knowledge of the properties of 
austenite. A steel in the austenitic condition is non-magnetic, 
fairly tough, but not as hard as the same would be in the marten- 
sitic condition. 

Very Fast Cooling 


The second figure from the left (Fig. 7) shows the result of 
very rapid cooling. As soon as the steel cools below the Ar point 
it starts to change tod martensite. As the cooling continues, more 
and more of the austenite changes into martensite until finally i 
is entirely changed into martensite. This figure represents a 
speed of cooling which would allow the austenite to entirely change 
into martensite, but which would prevent the martensite from 
undergoing any change, i. e., by the time the steel was changed 
into 100 per cent martensite, it would be below the lowest tem- 
perature at which changes take place. In the ease of ordinary 
plain carbon tool steels this would mean rapid cooling, such as 
quenching in cold water. 

Martensite is the hardest condition in which steel exists. There 
is a difference in the maximum hardness which can be attained by 
different steels, but in the case of any one steel it may be said that 
it is the hardest when it is in the martensitic condition. Tools 


which require great hardness are usually heat treated so as to 
produce the martensitic condition. 
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Fairly Fast Cooling 
The third figure from the left in diagram (Fig. 7) s| 


S th 
when the steel is cooled a little slower it has time to chiaive fy. 
to martensite and then to troostite, before it becomes to. cold ; 
permit further change. The resulting structure is troostitic, |, 


this condition steel is fairly hard but not as hard as in the martey 
sitie condition. Troostite, however, is somewhat tougher than yap 
tensite. In the case of plain carbon tool steels, fairly fas: 


(*¢)( ting 
is necessary to produce this condition. 


Fairly Slow Cooling 
The fourth figure from the left in Fig. 7 shows that when ¢hp 
steel is cooled slowly it makes three steps of the change before j 
becomes too cold for further change. The resulting structwre js 
sorbitic. This is not usually -considered as a hard condition al. 
though it is somewhat harder than pearlite or fully annealed ste¢! 
In this condition steel is quite strong and tough. 


Very Slow Cooling 
The figure on the extreme right (Fig. 7) shows that when stee! 
is cooled very slowly it has time to pass through all the stages of 


the transformation and become entirely pearlitic before it becomes 
too cold to undergo change. When a steel is in the pearlitic cou 


dition it is soft and machinable. It is also quite tough but not as 
strong as when it is in the sorbitiec condition. 
Mixed Structures 

It frequently happens that the speed of cooling is such that 
more than one of these structures appears in the steel after cooling. 
The resulting structure may be a mixture of martensite anid troos 
tite, or troostite and sorbite or sometimes a mixture of al! three. 
When large tools are quenched it is obvious that the outside will 
cool much faster than the center, so it is possible for the outside 
layers to be largely or entirely martensitic, while the center ma) 
not contain any martensite. Figs. 4, 5 and 6 all show mixed struc 
tures. Fig. 4 shows the structure of a cold chisel after wate! 
quenching which consists mostly of martensite at the edge while 
Fig. 6 shows more troostite a little deeper in the same chise! 

The foregoing explains the changes which take place wien al 
0:85 per cent carbon tool steel cools from above the critical point. 
The same general principles apply in the main to all steels. !n the 
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age of sivels containing less than 0.85 per cent carbon there is more 
i one critical point, both on heating and on cooling, and the 
ations are a little moré complicated than those just described. 
1 ‘; will not be discussed at this time. The explanation of changes 
0.85 per cent carbon steel will also hold for the ordinary plain 
»arbon tool steels containing more than 0.85 per cent carbon, pro- 
viding they are not heated far above the Ac critical point. At 
higher temperatures there is still another action which takes place. 

Before leaving this discussion it should be said that while the 
same types of structure may be produced in all the plain carbon 
‘nol steels, it is not to be assumed that the properties of different 
steels will be exactly the same if they have similar structures. 
Por example, two steels of different carbon content may both be 
martensitic and not be the same hardness. The one which is the 
higher in carbon will probably be the harder. With these points 
in mind we may well proceed to the discussion of practical harden- 
ny of the plain earbon tool steels. 


HARDENING PLAIN CARBON TOOL STEELS 


From the foregoing diseussion it is apparent that the harden- 


ing of plain carbon tool steel (steel containing from 0.70 to 1.40 per 
cent carbon) must consist of heating to above the Ac (critical) 
pint long enough to produce complete solid solution (austenite) 
followed by a rate of cooling which is fast enough to prevent the 
austenite from ehanging to one of the softer constituents (sorbite 
r pearlite). In the present discussion it will be assumed that the 
steel has been received from the mill in the best condition for hard- 


ening. ‘The annealing, normalizing and spheroidizing treatments 


which are sometimes necessary to put the steel in the best condition 
for hardening will be considered later. 
HARDENING TEMPERATURE 

It has already been brought out that the greatest hardness, the 
inest grain, and the greatest toughness (in the hardened condition) 
van only be produced by heating the steel to just above the Ac point. 
The higher the steel is heated above this point the coarser its grain 
Necomes and consequently the more brittle is the product. On the 
other hand, if the temperature of the heating is below the critical 
point the steel will not harden at all. In practical work it is seldom 
ever attempted to quench steel from the theoretical Ae, or ecriti- 
‘al point. It is the usual practice to heat the steel 50 to 75 degrees 
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Fahr. (and sometimes higher) above the critical point. 


The critical points of steels containing from 0.85 
cent carbon are all about 1350-1320 degrees Fahr. The usual apy. 
ening range is 1430-1380 degrees Fahr. The Recommended Pp. 
tice Committee of this Society gives the following re 
tions :* 


} l 40 per 


commenda- 


Heat Treating 
Carbon Range, per cent  0.65-0.80 0.81-0.95 
Hardening 


Temperature °F. 


0.96-1.10 


1550-1450 1460-1410 1390-1430 


Quenching 
Medium and 
Its Temperature 


Water at 
70 Degrees 
Fahrenheit 


Water at 
70 Degrees 
Fahrenheit 


Water at 
70 Degrees 
Fahrenheit 


It will be noted that the temperatures given for quenching are 
higher for the tool steels of the lower carbon content. 
standard practice. 


This is good 
The reasons for raising the quenching temper. 
ature in the case of steels containing less than 0.85 per cent carbon 
will be considered later. 


It is impossible to give a definite quenching temperature which 
will produce the best results on all tools made of the same kind of 
steel. In general it may be said that the larger pieces should be 
quenched from higher temperatures than the smaller ones. The 
recommendations just quoted do not mean that any temperature 
between the limits stated will produce the best results. It may 
better be stated that the best quenching temperature for any par- 
ticular tool probably lies between the limits given. In the end 
it is necessary for the individual hardener to experiment and de- 
termine just what temperature produces the best results for each 
tool which he has to handle. In some instances it may even be 
necessary to use temperatures outside the limits given. The recom 
mendations hold as a general rule, and it may be well to caution 
the hardener against wide variations from the practice recommended 
until he has experimented very carefully and has conclusively 
proved that he is right. It is doubted if the wide variations in 
quenching temperatures which are found in some hardening roots 
can be justified. When the best temperature for hardening aly 


®Recommended Practice in the Heat Treatment of Plain Carbon Tool Steel, A. 8. > ' 
Handbook, pages N-3 to N-6, 
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“ticular tool has been determined, it is well to always harden that 
woo] from the exact temperature as accurately as possible. 


MEASURING THE HARDENING TEMPERATURE 

If all tools are to be heated to exact temperatures, it is neces- 
wry that there be some means of measuring the temperature ac- 
rately. There are on the market a number of good pyrometers, 
vhich will measure temperature to within at least 10 degrees Fahr. 
In fact it is possible to obtain a certificate of their accuracy from 
the U. S. Bureau of Standards. Nearly all modern hardening 
moms use pyrometers for measuring temperatures for annealing, 
hardening and heat treating, but there are still some hardeners who 
believe that it is well enough to rely upon their eyes for judging 
temperature. It is true that a good hardener should be able to 
judge the temperature between red and white heats fairly aceu- 
rately by eye. It is also true that an experienced draftsman can 
ly out an inch fairly accurately without the use of a scale and 
that a machinist can judge the thickness of a piece of paper or a 
thin piece of metal by feeling it, but no draftsman or machinist 
would recommend disearding scales, micrometers and other measur- 
ing instruments. Where accurate work is to be done the pyrometer 
is just as necessary for measuring temperature as the scales and 
nicrometers are for measuring distance. At the same time there 
snd pyrometer system which is actually ‘‘fool proof.’’ Pyro- 
meters are delicate instruments and they must be installed and 
maintained properly. It will not be possible in this article to give 
acomplete discussion of pyrometers. It may be briefly stated that 
the type of pyrometer system which is most commonly used in the 
hardening room ‘consists of a thermocouple, one end of which is placed 
in the furnace, a meter (either potentiometer or galvanometer) 
which indicates or records the temperature, and wires connecting 
the two. The thermocouple when heated generates a current, the 
‘trength of which depends upon the temperature, and the meter 
measures the strength of the current. It is arranged so that it 
will indicate the temperature of the furnace. (For the principles 
of the pyrometer the proper installation compensation for ‘‘cold 


md” temperatures, checking of pyrometers, etc., see A. S. S. T. 
Handbook, pages S-3 to S-17. 


It is not sufficient that the meter indicates the proper hard- 
ting temperature. This shows only that the thermocouple in the 
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furnace is at the desired temperature. It is necessar 
hardener be sure that the tool to be hardened is at the 
perature as the thermocouple. This may be done by mparing 
the color of the tool with that of the thermocouple. 
couples are installed properly and a standard practic 
ating the furnace has been worked out it may be possib|: 
tirely by the temperature as shown by the thermocoup 
length of time the tool is in the furnace. However, it 
the hardener to use his eyes and his brain just the same 


yhen the 


SPEED AND UNIFORMITY OF HEATING 

The speed and the uniformity of heating are amone the os 
important factors in suecessful hardening. Too rapid or non-wi 
form heating may cause cracking when the steel is hardened. Whe, 
steel is heated it expands. If a large piece is heated very rapidly th 
outside will become hot much faster than the center and the result 
will be that the outer layers will attempt to expand and pull away 
from the center. This places the steel under a strain which maj 
result in cracking when it is quenched. Obviously the larger the 
piece the greater the danger will be. Similarly when heating a tool 
which has both thick and thin sections there is danger of the thin 
sections heating faster than the thick ones, thus causing strains. 
The damage done by rapid and uneven heating is probably the 
greatest at the start of the heating, while the center of the piece is 
still cold and rigid. After the whole piece is hot enough to be mor 
or less plastic, it is possible for it to yield a little and the danger 
is not so great. It is good practice to at least warm all tools befor 
placing them in a hot furnace. In some hardening rooms two 
furnaces are used. One of these is run at a comparatively low 
temperature and the tools are preheated in this furnace before being 
placed in the final heating furnace. This is the most common prac 
tice in hardening high speed tools, but is not so common in hard: 
ening plain carbon tool steels. Very large pieces such as drop hai 
mer die blocks should never be placed in a very hot furnace. It's 
better to heat them up with the furnace. 


It will not be possible to discuss all the methods which hav 
been employed for producing slow and uniform heating. 
and salt baths which heat the tool from all sides at once, continuous 
heat furnaces in which the steel is slowly fed through the furnace. 
‘“‘hump’’ furnaces, and other devices all have their me'ts Let 
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he said that the hardener should employ some method to heat the 
eel as slowly and uniformly as is commercially practicable. The 
rver the tools the more carefully they should be heated. 

Another dangerous period in the heating of the steel is while 
it is passing through the critical range. As has been stated before, 
«hen steel reaches the eritical point on heating, it contracts a little 
ctead of expanding. If the entire tool reaches the critical point 
at the same time there is not much danger, but when one part of the 
‘ool reaches the eritical point ahead of the rest, it is obvious that 
this part of the tool will be contracting while the rest is expanding. 
This difference in the action of the various parts of the tool at the 
ame time causes strains which may result in cracking. Again the 
janzer is much greater in the case of very large tools. 


QUENCHING PLAIN CARBON TOOL STEEL 

It follows from the previous explanation of what happens in 
the hardening of plain carbon tool steel, that in order to produce 
hardness it is necessary to cool rapidly from above the critical 
point. The greatest possible hardness will be produced when the 
speed of cooling is fast enough to produce 100 per cent martensite. 
If the cooling is still faster some austenite may be produced, which 
is not as hard as martensite. However with the ordinary plain 
carbon steels there is little chance of ever producing austenite with 
any ordinary method of cooling. If the cooling is not fast enough 
to produce 100 per cent martensite, it may be expected that there 
will he some troostite present, which is not as hard as martensite. 

The selection of the proper bath for quenching steel depends 
upon the speed with which the bath will cool the steel. Water 
cools steel faster than oil, and brine produces faster cooling than 
water. The material used for quenching is called the ‘‘quench- 
ing medium’’, (The plural of medium is ‘‘media.’’ Sometimes the 
word “‘mediums’’ is used.) A great deal of work has been done 


in the study of quenching media. Several excellent articles have 
appeared in TRANSACTIONS on this subject. These will not be 
discussed in detail in this article. Several years ago, Mathews 
aid Stage published their results of some experiments which 
show the cooling speeds of different media. 

In performing these tests a suitable sized piece was heated 


to 1200 a 


ine 
AAh 


zrees Fahr. and was then quenched in a bath contain- 
yr ! - . . 
-) gallons of the quenching medium to be tested. The time 
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tn seconds required for the piece to cool from 1200 to 
Fahr. was measured with a stop watch. As the piece ¢ 
the quenching bath of course became warmer. The rice in. the 
temperature of the quenching bath was also meas ; Th, 


} devreps 


led down 


Temperature of Quenching Bath, Deg. Fahr 


Time in Seconds 
Fig. &—Diagram Showing Quenching 
Speeds of Different Media, (Mathews and 
Stagg.) 

test was then repeated quenching the test piece in the bath whieh 
had thus become warmer. This operation was continued until the 
bath either reached its boiling point or 250 degrees Fahr. The 
results aré shown in the accompanying diagram, Fig. 8 

‘ While on the subject of quenching media, a few words 
with regard to what actually happens during quenching may no! 
be out of place. When a piece of hot steel is immersed in the 
quenching liquid (water, oil or salt solution) it causes the liquid 
touching the steel to be raised to the boiling point and then to 
boil. The steam or vapor thus produced may be condensed before 
it reaches the top of the quenching tank, but this does not affect 
the action so far as the steel is concerned. It follows that heat 
is taken away from the steel in two ways. First in raising the 
temperature of the liquid to the boiling point and second in boll. 
ing it. It requires 142 B. t. u. (British Thermal Units) to rais 
the temperature of 1 pound of water from 70 to 212 degrees Fabr. 
but it requires 970 B. t. u. to convert 1 pound of water at ale 
degrees Fahr. into steam, so it will be seen that most of the 
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4+ js used in performing the boiling. This may explain the 


oason that water cools steel faster than oil in spite of the 


sot that it has a lower boiling point. 
4s soon as the liquid around the steel is changed into steam 
» yapor, it rises toward the top of the tank and more cool 
id flows against the steel. The speed of the quench, therefore, 


lpends in part upon the ease with which the quenching liquid 


vs, This is called the viscosity. Liquids which are ‘‘thick’’ 
J flow very slowly are said to have a high viscosity. If a piece 
hot steel were quenched in a tank of cold tar, we would not 
expect very fast cooling. The tar touching the steel would be boil- 
ad away, but fresh tar would not flow in rapidly to take its place. 
To a less extent the same is true of thick heavy oils. Most oils 
are thinner and more fluid when they are warm. This explains 
he reason that some oils cool steel faster when they are warm 
than when they are cold. 

Another factor governing the quenching speed is the heat con- 

ductivity of the quenching liquid. Heat is not only carried from 
ne part of the quenching tank to another by circulation of the 
inching medium, but is conducted through the bath without 
my motion or eireulation of the liquid. Water and oil, however, 
re poor conductors of heat, and the amount of heat which is taken 
way from the steel by conduction through the quenching bath is 
omparatively small. Mereury, on the other hand, flows slower 
than water but conducts heat faster. 

It will be seen therefore that cooling by quenching is a rather 
complicated action involving the following factors:—(1) the tem- 
perature of the bath; (2) the quantity of heat required to raise a 
viven amount of the quenching medium 1 degree (specific heat), 
3) the amount of heat required to change a given amount of the 
medium into steam or vapor at its boiling point (latent heat of 
vaporization) ; (4) the conductivity of the medium; and (5) the 
tudity (or viscosity) of the-medium. There is, however, no mys- 
erious action connected with the quenching of steel. The time is 
lot long past since it was common to find hardeners with eompli- 
‘ated, mysterious, and usually secret formulas for quenching 
baths which were supposed to have some magic action. 


lhe speed with which the quenching medium comes into con- 


“ct with the steel ean be greatly increased by forced circulation. 
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In some hardening rooms when it is desired to produc. 
cooling, the steel is cooled by a high pressure spray instead of }y 
immersing the steel in a tank of water. On production wor, ; 
is possible to arrange a number of jets so that the joo) Will be 
attacked on all sides at once by streams of water. When this 
method is used the tool is placed in position before {)). water ig 
turned on. When the main water valve is opened 
shoots through all the jets at once and thus cools th 

formly. By using high pressure water it is possibl: 

very large volume of water pass over the steel in a < 
This can be arranged to produce faster cooling than ac. 
complished by immersing the steel in a tank of ice cold brine 


ery rapid 


the water 
Stee] uni- 
LO have a 


Nort time. 


The Recommended Practice Committee of the A.S.S > 
advises the use of water for the quenching of most carbon stee| 
tools. This has many practical advantages, as water is cheap, 
and requires no storage tanks. A wide range of quenching speeds 
can be obtained by varying the speed of cireulation of the water. 
by the use of special quenching fixtures such as mentioned above 
and by varying the temperature. In very small hardening poons 
a tank of brine may find some use. Quenching in stil! brine pro. 
duces faster cooling than quenching in still water, but when a 
great many pounds of steel have to be quenched in a day, the brine 
will become hot and the speed of cooling will be decreased unless 
some provision is made for cooling the brine or circulating it be. 
tween the quenching tank and the large storage tank. 


The use of oil as a quenching medium is highly advised for 
some kinds of steel but in the case of tools made of plain carbon 
steel, it is usually better to use water. There may be some jobs 
for which oil will be more advisable. The advantave of an oil 
quench is that the speed of cooling is slower and there is less 
danger of warping and cracking. An oil should be selected which 
has the desired quenching speed. It is obviously wise to use al 
oil which will not catch fire easily. It is also preferable to we 
an oil which will not be greatly changed in composition by repeat- 
ed use. It is important that the cooling be as uniform as possible. 
Cooling one part ahead of another usually results in warping of 
eracking. Long thin pieces are usually held vertically during 
quenching, as this makes the cooling more uniform and reduces 
the danger of warping. It is possible, however, in the case of sume 
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nd articles to quench horizontally and still produce uniform 
ooling by keeping the steel spinning. For example, a round bar 
nay be rolled down rails through the quenching tank. As long 
i ie har is rolling over and over all sides get the same conditions 
of cooling. 

When tools are held by hand tongs, it is well to keep them 
moving during the quenching. This cannot always be done in 
the ease of large heavy pieces which cannot be held by the hard- 
oper. In such cases the quenching medium is often circulated 
more rapidly by pumps, or is agitated by blowing air into the tank. 

While diseussing uniform cooling it is well to mention that a 
tool should never be quenched while one part appears to be hotter 
‘han another. (This does not apply to cold chisels, shank tools, 
and other articles which are not to be hardened all over). Some 
hardeners hold the tool in the tongs for a few seconds after remov- 
ing from the furnace before quenching, if the thin sections appear 
any different in color from the body of the tool. It must be re- 
membered that the Ar point (where the steel begins to change 
back to the soft condition) is considerably below the Ac point 
above which the steel was heated. This allows the temperature to 
even up before quenching. If the steel has been properly 
heated this may not‘be necessary. Care should be taken that the 
tongs do not touch the eutting edge of the tool. Preheating the 
tips of the tongs is good practice. Milling eutters and similar 


shaped tools may well be held by a hook passing through the hole 
of the tool. 


Cracking usually takes place after the tool is cold. For this 
reason it is best to remove the tool from the quenching tank before 
it becomes entirely cold. A common recommendation is to remove 
it as soon as it cools below the boiling point of water. If the tool 
is held with hand tongs, this is an easy point to determine. As 
long as the steel is causing the water to boil, a vibration of the 
tongs can be felt. When this stops the steel is below the boiling 
point of water and should be removed. 


As soon as the steel is removed from the quenching tank it 
should be tempered or drawn. If it is allowed to become cold 


and stand around it is more likely to crack. 


TEMPERING OF PLAIN CARBON Too. STEEL 
As just stated all tools of plain carbon tool steel should be 
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tempered or drawn immediately after hardening. Th, 
per means to moderate or make less extreme in pro, 
example when it is said that we live in a temperate 
meant that the temperature here is not as cold as it is » 
Pole nor as hot as it is at the Equator. So to tempe 
steel means to make it a little less hard and brittle. 


imate jt js 


the North 
hardened 
The words ‘‘tempering’’ and ‘‘drawing’’ are us 
same process. The word drawing is used to mean the taking o 
drawing of some of the hardness and brittleness out of stee} Pos 
sibly the original idea was that some material thing was actual) 
drawn out of the steel. We know that this is not the case. [), 
chemical composition of the steel remains the same. 
term drawing is still in common use. 


d for the 


However t| 


Process 
The tempering or drawing process consists in reheating hard 
ened steel to some temperature below the critical point. Pai 
earbon steel tools are seldom tempered higher than 600 degrees 
Fahr. 
EFFECTS OF TEMPERING 


When a hardened steel is tempered three actions may tak 
place. 

1. The strains are relieved 

2. The steel is toughened 

3. If the temperature is above 400 degrees Fahr. the hardness 
and strerigth of the steel are reduced. The higher the tempering 
temperature, the softer and tougher the steel becomes. 
These actions will be discussed in order. 


Strains 

It may be difficult to get a mental picture of steel being under 
strain. Similarly it is difficult to measure the strains, and yet 
the effect of strains is often very apparent. When a piece 0! 
hardened steel cracks or breaks without being touched, it is evident 
that the damage is done by some internal force. This is not a 
uncommon occurrence. In fact large tools have been known t 
break with such force that one part actually flies off from the 
main body of the tool. This is due to the internal strains. 


The causing of strains by too rapid or non-uniform heating 
has already been discussed. While this danger may be avoiled 
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ny more careful heating, it is impossible to avoid rapid cooling and 
4ill produce hardness in a plain carbon steel. When a hot tool 
immersed in the quenching bath it is obvious that the heat is 
shgorbed from the outside of the tool. This means that the 
oitside must cool faster than the center. Consequently the outer 
avers of the tool contract while the center tends to stay in the ex- 
panded condition. Later when the center cools down, it contracts 
al pulls away from the outer layers. This action is more pro- 
nounced in the ease of large pieces, because of the greater differ- 
ence in the temperatures of the surface and the center, during 
quenching. 


The tempering or drawing of steel relieves these strains, and 
removes the danger of the tool cracking or breaking of its own 
cord. As has already been stated, cracking usually takes place 
ifter the steel is cold. It follows, therefore, that the tool should 
e withdrawn from the quenching tank before it is entirely cold 
and should be tempered immediately. 


As strains are not easily measured, it may not be easy to 
state a definite temperature for relieving of strains. Heating to 
the boiling point of water probably relieves strains to some extent, 
but higher heating is safer. When it is desired to relieve strains 
without producing any softening action, it is the common practice 
to temper at the highest temperature which can be used without 
producing softening. The Recommended Practice Committee of 
the A.S. 8S. T. advises temperatures from 350 to 375 degrees Fahr. 
when relieving strains is the only objective of tempering. 


T oughening 


When a high carbon steel is hardened it becomes brittle, i. e., 
it will not stand bending or any other change of shape without 
breaking. It is also easily broken by shock. Tempering de- 
creases the brittleness, or in other words toughens the steel. The 
higher the steel is tempered or drawn, the tougher it becomes. The 
toughness may be determined by measuring the number of degrees 
(certain size bar will bend without breaking. Consequently, the 
tempering temperature depends upon the amount of toughening 


‘hich is required. The Recommended Practice Committee gives 
the following advice. — 
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Results desired Tempering Medium 





Relieving Strains Oil 
Strain relieving and Reduction of 

Brittleness Oil 
To relieve Strains and Toughen .... Oil 


tO0-500 


S00 HO) 


Here the terms ‘‘reduction of brittleness’’ and ‘‘touhenino” 
are used to describe different degrees of the same action, \c 
stated before, the higher the tempering temperature, the ereater the 
action will be. 

Softening 

Plain carbon tool steels are not tempered for the purpose of 
softening. A softening action, however, takes place during tey. 
pering. The amount of the softening is very small if the tempering 
temperature is below 375 degrees Fahr. In fact, so far as com. 
mercial results are concerned it may be said that there is practi 
cally no softening action before the steel reaches a temperature of 
about 400 degrees Fahr. The higher the steel is heated above this 
temperature, the greater the softening action becomes. The ques. 
tion for the heat treater to decide is often; how much hardness 
may be sacrificed in order to produce the necessary toughness. This 
will be different in the case of different tools. For example, a 
lathe tool, which requires a very hard eutting edge, but does not 
have to stand shock, should be given a low tempering treatment 
probably not over 375 degrees Fahr. On the other hand, a cold 
chisel which must have a fairly hard cutting edge, but which must 
have considerable toughness and resistance to shock, should be 
tempered at a higher temperature. A screw driver requires tough. 
ness but not a hard cutting edge, and consequently it may be 
tempered at 600 degrees Fahr. 


Reduction of Strength 

The higher the tempering temperature the greater will be the 
reduction of the tensile strength and the elastic limit. This 1s 
not as important in the case of tool steels as it is in the case of the 
medium carbon steels which are used for parts requiring greal 
strength. Fig. 9 shows that bars which were tempered at the 
higher temperatures bent further under the same test. The scre\\ tempera 
driver is an example of a class of tools which should not bend duced. 
easily. Consequently a temperature of 600 degrees Fahr. is recoll- from t] 
mended, because this will leave the screw driver quite stiff. 4 temper 
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emperature would produce greater toughness but would 
tool to bend too easily. 


Photograph of Test Specimens of the Same Bar of Tool Steel After Differem 
tments and After Being Given the Same Shock Test. All Specimens were Heated 
egrees Fahr. Specimen No. 0 was Cooled in Air and Not Tempered. Specimen 

Quenched in Water and Tempered at 550 Degrees Fahr. Specimen No. 5 was 

Water and Tempered at 750 Degrees Fahr. Specimen No. 6 was Quenched in 

lempered at 950 Degrees Fahr. Specimen No. 7 was Quenched in Water and 

1050 Degrees Fahr. 


TimE OF TEMPERING 


The length of time that the steel is held at the tempering 
temperature has an effect on the amount of tempering action pro- 


duced. The action of tempering progresses slowly. However, 


trom the practical view point there is a limit to the amount of 


tempering which can be produced at any given temperature. A 
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tool which is held at 450 degrees Fahr. for 20 minutes \ilj go, 
more effects of tempering than one which is held at tha; 

ture for only 1 minute. On the other hand, a tool whi 
at that temperature for an hour will be only slightly d 
properties from one which is only held at the temperin 


tempera 
Q is held 
iTerent in 
p tempera 


ture for 30 minutes. For commercial application, a recommends. 
tion of 15-30 minutes at the tempering temperature shou): 


L be safe 
Meruop oF HEATING AND JUDGING TEMPERATURE 

The Recommended Practice Committee advises, tempering jy 
oil or some melted salt. In this method the tools to be hardened 
are placed in a basket in a tank of hot oil or melted salt. Typ 
tank is usually heated by a gas or oil flame from below, and thp 
temperature is measured by means of a thermometer placed in the 
oil or melted salt. This has a number of advantages. The tey 
perature can be controlled easily and accurately. <A number o} 
tools may be tempered at the same time. As the oil circulates 
when heated from beneath, all tools will receive the same heat. 
The tempering process may be continued as long as desired 
without danger of overheating. When tools are tempered in this 
manner they may be cooled slowly. 


TEMPERING MEDIA 

The material used for the tempering bath may be oil or some 
salt which melts below the tempering temperature. If the former 
is used, an oil should be specified which will not catch fire at the 
tempering temperature. Preferably an oil should be used which is 
not greatly affected by continued heating at the tempering tempera. 
ture. This is not so easy to obtain. For salt baths, sodium nitrate 
and mixtures of potassium nitrate and sodium nitrate are used. 
There are also some commercial salt mixtures on the market for 
tempering. 

TEMPERING By CoLoR 

One of the oldest methods of tempering consists in polishing 
the steel until it presents a bright surface, and then heating it 
in air, judging the temperature by the color which appears on the 
polished surface of the steel. As the steel is heated in this man 
ner it first becomes light yellow. As the temperature rises the 
yellow deepens into a brown, the brown gradually changes 
purple, the purple to blue, the blue to a light blue or blue green 
and gradually the colors disappear. 
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This is not a very accurate method of tempering. The colors 
no due to the action of the air on the surface of the hot steel. 
rhe color attained depends upon three factors: (1) the tem- 
nprature; (2) the time; (3) the composition of the steel. The ef- 
fect of increase of temperature has already been described. <A 
hort exposure at 500 degrees Fahr. might produce a brown color 
chile a long exposure might produce purple or even blue. When 
, high carbon steel and a low carbon steel are heated to the same 
temperature for the same length of time, the high carbon steel will 
be purple when the low carbon steel will only be dark straw or 
brown. On the other hand, certain alloys slow down the action 
‘the air on the hot steel. Some alloy steels may only reach a 
straw color at a temperature at which a plain carbon steel would be 
blue. 


Sauveur (quoting from Howe) gives the following table for 
the colors produced by different tempering temperatures. This 
table probably assumes that a plain carbon tool steel is used and 
that the time at the tempering temperature is short. 


COLOR TEMPERATURE 

Degrees Cent. Degrees Fahr. 
Pale Yellow 220 428 
Straw 230 446 
Golden Yellow 243 469 
Brown 255 49] 

Brown dappled with purple 265 509 
Purple 277 531 
Bright Blue 288 550 
Pale Blue 297 567 
Dark Blue 316 600 


The use of the temper colors is still common (particularly in 
small scale tempering) in treating such articles as cold chisels 
and serew drivers. In this process the edge of the tool is quenched 
intil cold, and then is quickly polished off. The heat of the shank 
gradually conducts down to the edge and produces the tempering 


action. When the desired color is reached the edge is again 


Other tools which are tempered to color are sometimes 
heated on a hot plate or on a hot block or brick. They are quench- 
ed as soon as the desired color is reached. The advantages claimed 
for the color tempering are. that the method is cheap, quick, and 
that it is possible to temper one part of the tool more or less than 
the rest. The disadvantages are that it leaves too much to the judg- 
ment of the hardener; it is easy to make mistakes; colors are not sure 


quenched. 
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measures of temperature; and the time of tempering 
not long enough to produce the maximum effects of tem). 


CooLING From TEMPERING 


The rate of cooling from the tempering temperatur 
does not make a very great difference in the properti. 
steel. The writer prefers slow cooling in the case of plai: 
steel tools whenever possible. Quenching from the ordi: 
pering temperature may not produce any appreciable 
strains, but certainly slow cooling may be recommende:| 
fectly safe in this respect. 


Errect oF TEMPERING UPON THE StrrRuctTurR: 


It has already been stated that hardened tool stee| 
martensitic or troostitie state because the rapid cooling o} 
ing prevented the austenite from going through all of th; 
the change back to pearlite or annealed steel. It has als 
stated that changes in the structure do not readily take place while 
the steel is cold but do occur when it is hot. Furthermore that th: 
higher the temperature of the steel, the more readily these chanyes 
can take place. 

It would be natural to expect, therefore, that when a hardened 
steel is heated for tempering, its structure would tend con 
tinue the change toward the softer condition. Also the higher 
the tempering temperature the further the change progresses to 
ward the pearlitic structure or annealed steel. This las been 
found to be-the case. It would also seem that the longer the steel 
was held at the tempering temperature, the further the chang 
would progress. While this is true within certain limits, it has 
been found that there is a maximum amount of change of structure 
which can be produced by any certain tempering temperature. For 
example, several hours at 500 degrees Fahr. does not produce much 
if any more change in structure than 30 minutes at the same tem 
perature. This is in accord with what has already been stated 
coneerning the change in the physical properties during tempering. 

It should be stated that while ‘troostite and sorbite may ) 
produced either by (1) very rapid cooling followed by tempering. 
or (2) by a little slower cooling without tempering, the structures 
which are produced by rapid cooling and tempering are much 
the finer. This probably accounts for the greater toughness of pieces 
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whieh are treated in this way. 
detail a little later. ) 


(This will be discussed in more 


The structural changes taking place during tempering are very 
resented in a diagram given by Sauveur (Fig. 10). This 
shows the effect of tempering upon steels which have 
structures before tempering. It will be noted that the 
Anal structure depends upon the tempering temperature rather 
than the original structure of the steel. 


well re] 
diagran 


different 


For example, if the steel is 
tempered at 1112 degrees Fahr. (600 degrees Cent.) it becomes sor- 
hitie regardless of its original structure. 


Tests SHOWING THE EFFECTS OF DIFFERENT SPEEDS OF COOLING 
\ND DIFFERENT TEMPERING TEMPERATURES UPON THE 
PROPERTIES OF PLAIN CARBON TOOL STEEL 


In order to show the effect of the different speeds of cooling 
ind the different tempering temperatures upon the properties of 
plain carbon tool steel, a series of tests were run as described below. 
For these tests a 14 x %-inch bar of ‘‘Special’’, 1.20 per cent ear- 


on tool steel was selected. 


(This steel really contains a slight 
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The 
results produced are substantially the same as would be produced 
with a steel which contains no alloy). 


amount of alloys but is usually listed as a plain carbon steel. 


Eight pieces-5 inches long 


were cut from the same bar and were given the following heat 
treatments :— 


Method of 
Cooling 

Cooled in air 

Quenched in oil 
— Quenched in water 
Quenched in water 
Quenched in water 
Quenched in water 
Quenched in water 
Quenched in water 


Tempering Temperature 
Degrees Fahr. 
Not tempered 
Not tempered 
Not tempered 
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All pieces heated through at 1400 degrees Fahr. 
cooled and tempered as stated. 

After receiving these heat treatments, each bar was 
hardness with the scleroscope and the Brinell and was Piven a 
crude shock test. In performing the shock test, the ba: 


ind then 
‘ Sted tor 


was laid 


flat accross the top of a special V-block so that the ends of the = 
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Fig. 10—Diagram Showing the Tempering of Hardened Steel (Sauveur.) 


were supported by the block. A 35-pound hammer with a round 
peen was raised and dropped through vertical guides, striking the 
center of the specimen. The hammer was thus dropped from heights 
of 6, 9, 12, 18, 24, 30 and 36 inches above the specimen. After each 
blow the bar was removed and the total amount of the bend or 
deflection was measured. The results are recorded in the data 
of Table I given herewith. Whenever a specimen broke the word 
‘*broke’’ appears in the proper column, showing which blow of the 
hammer caused the failure. 


Fig. 9 shows a photograph of the bars which went throug) 


the entire test without breaking. It will be noted that the highe! 
the tempering temperature the greater was the amount of the bend 


produced by the same amount of shock. On the other hand, the 
ones which received low tempering treatments or none at all while 


not easily bent, were much more easily broken. 


Especial attention is called to the difference in the results 


produced on bars 2 and 3. Bar 2 was quenched in water and no! 
tempered, while bar 3 was quenched in water and tempered at 
450 degrees Fahr. Both showed the same hardness (695 Brinell 
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a 95 scleroscope) and yet there was a vast ‘difference in their 
ability to withstand shock. The bar which was not tempered, 
broke under the first blow of the hammer (6-inch drop), while the 
bar which was tempered 450 degrees Fahr. withstood the 6, 9, 
and 12-inch blows and was finally broken by the 18-inch drop of 
the hammer. This should show the great difference in the shock 
resistance Which may be accomplished by a low tempering tempera- 
ture which does not measurably reduce the hardness. The bar 
which was tempered at 450 degrees Fahr., withstood several times 
the shock of the one which was not tempered. It may be well 
to state that if the hardness had been determined by measuring the 
the cutting efficiency of a hardened tool it might be noted that even 
. tempering temperature of. 450 degrees Fahr. might show some 
softening action. However, a tempering temperature of°375 degrees 
Fahr. will show little or no decrease of cutting efficien¢y and will 
produce much greater toughness and resistance to shock than can 
be produced by quenching and not tempering. 


The results on bars 1 and 4 show the great difference between 
the properties produced by oil quenching and not tempering, and 


water quenching and tempering far enough to produce the same 
hardness. Bar 1 was quenched in oil and not tempered. Bar 4 
was quenched in water and tempered at 750 degrees Fahr. Both 
showed about the same scleroscope hardness and bar 4 (water 
quenched and tempered) showed even a little greater Brinell hard- 
ness. Nevertheless the bar which was quenched and tempered 
showed greater resistance to shock. It went through the entire 
test without breaking, while the bar which was quenched in oil 
and not tempered broke under the 30-inch blow. 


It should be stated that these results are not unusual. These 
tests are performed by each class under the writer’s instruction, 
and while there are some variations in the results, the general 
principles illustrated are always the same. The oil quenched and 
untempered piece always breaks easier than the piece which is 
Water quenched and tempered to produce the same hardness. In 
a similar test the piece which was quenched and tempered at 750 
degrees Fahr. not only went through the entire shock test but was 
afterwards bent in a vise to an angle of 60 degrees before it broke. 


the bars which were tempered higher bent even further before 
breaking 
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Some hardeners seem to think that the hardness 
safe guide for judging the other properties of steel. 
should show that such is not the ease. The toughness 
tance to shock depends more upon the way the hardness js 
than on the actual hardness itself. The careless way of speaking 
of articles which are not tough enough as being ‘‘too hard” 
be discouraged. Hardness and brittleness are not the s: 
neither are softness and toughness the same property. | should 
not be concluded from the foregoing that oil quenching has y, 
place in good heat treating. It is sometimes very adyantaveoys 
The cooling being less rapid, there is less danger of erackine durin 
quenching. 
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SUMMARY 


The microscope shows that there is a difference in the str. 
ture of a tool steel depending upon the heat treatment. Ay ().s) 
per cent carbon steel in the annealed condition is pearlitic. Wher 
heated above the Ac point, it becomes austenitic or a solid solution 
The formation of austenite requires time. On slow cooling the 
austenite passes through several stages in the change back to pear! 
ite. These are called martensite, troostite and sorbite. F 


ast cool 


ing prevents the steel from changing completely to pearlite ani 
leaves it in one of the intermediate stages. Martensite is the hard 
est structure. Troostite and sorbite are less hard but tougher. In 
commercial practice a mixture of structure is frequently produced 

For hardening, steel should be heated to an exact tempera 


ture. This temperature should be measured by a pyrometer. The 
steel should be heated slowly and uniformly. 


Steel is hardened by quenching in a proper medium. Tlie 
faster the quench the greater is the hardness produced.  Ditierent 
quenching media produce different speeds of cooling. Circulation 
of the quenching medium increases the speed of cooling. Steel 
should be quenched so as to produce as uniform cooling as possible. 
It is best to remove the tool from the quenching tank while still 
warm and temper immediately. 


Tempering or drawing is reheating after hardening to some 
temperature below the Ac point. It relieves strains, toughens, ani 


reduces the hardness and the strength. The higher the temperin 


temperature, the greater is the effect. The tempering action 
usually nearly complete at the end of 30 minutes. Tempering by 
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~lor is open to errors. Tempering in a liquid bath is recommended. 
Tempering changes structure from martensite to troostite to 
«rbite, depending upon the tempering temperature. 


The tests described bear out the statements made concerning 
effects of quenching and tempering plain carbon tool steel. They 
show that a low tempering temperature greatly increases toughness 
and resistance to shock with very little reduction of hardness. They 
show that the hardness of a steel is not a measure of its toughness 
or resistance to shock. The water quenched and tempered speci- 
mens are tougher than the ones of the same hardness which were 
oil quenched and not tempered. 
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CARBURIZING AND HEAT TREATMENT oO: 
CARBURIZED OBJECTS 


By B. F. SHEPHERD 


Abstract 


Recommendations for carburization and heat tr. 
ment of carburized parts are given in this paper. 
data presented represents the average practice in 
eral up-to-date manufacturing plants. 

The author has discussed the advantages of cu: 
burizing steel parts, the factors governing the process, 
and the selection of the proper steel. He discusses t)i, 
action of carburizing compounds, the properties of cu; 
burizing compounds and methods of testing to determin: 
the suitability of a given compound. 

The subject of carburizing boxes or containers is 
discussed from the viewpoint of design and composition. 

Heating practice, both for carburizing and hard 
ening, and determination of the depth of the carburized 
zone are covered. 


INTRODUCTION 


HE recommendations given herewith are intended only fo 

guidance and are not to be construed in any manner as 
being specifications of the A. 8. S. T. Any recommendations fo 
carburizing and the heat treatment of carburized objects must. 
necessarily, be very general in scope, due to the wide range o! 
application for case hardened objects and the influence upon th 
process of works practice and operating conditions. The data 
given herewith is representative of the average practice in a num 
ber of manufacturing plants having good works practice. Som 
essential features of the process may be briefly reviewed. 


DESCRIPTION OF PROCESS 


The carburizing process depends upon the absorption of car 
bon (and other hardening elements) by the steel at temperatures 
under the melting point and above the lower critical temperature 
High temperatures result in an extremely undesirable structural 
condition, i. e., coarse grain, excessive concentration and untfavor 
able distribution of excess carbon, sharp junction of case and 


‘Whe author, B. F. Shepherd, is assistant metallurgist with the Ingerso! 
Rand Co., Phillipsburg, N. J. 
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core. warping and distortion of parts, high cost of materials (fur- 
nace linings, packing pots, ete.). The service life of these latter 
materials deereases rapidly with an increase of working tempera- 
ture. Low temperatures result in a slow penetration of the carbon. 
Intermediate temperatures are, therefore, chosen for the operation. 


ADVANTAGES 


(he use of partial cementation, or carburizing, as a method 
of heat treatment has increased, owing to the difficult service re- 
quirements to be met by modern machinery. The process creates 
a duplex steel capable of being made extremely hard and wear 
resistant on the outside and having a strong, tough inner portion 
or core. This type o£ structure is suitable for parts which are 
required to stand considerable shock and friction. Parts which 
are required to be hardened on small portions of the total mass 
may be rough machined, carburized, and the ease removed by 
machining from the section which it is desired to keep soft. The 
added advantage of machining a softer and cheaper material also 
lessens the cost of the part. Engineers often overlook the prob- 
lems encountered in the heat treating department and design parts 
of complicated form which are to be hard on the surface. If these 
parts are made from a high carbon tool steel, the hardening opera- 
tion would have a tendency to crack them and the use of a carburiz- 


ing operation on low earbon steel makes the hardening operation 
less hazardous. 


F'AcTOoRS GOVERNING PROCESS 


The primary factors which govern the properties of case hard- 
ened parts are: 


Chemical composition of the steel. 
The carburizing operation. 
The hardening operation. 


STEEL 


Carburizing steels should be selected according to the service 
requirements of the parts to be made from them. It must be re- 
membered that the carburizing process cannot remove imperfec- 
tions, irregularities or. faults in the steel. It will magnify them. 
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Parts should not be nade from a carburizing steel if it | 
to obtain satisfactory results from another type of st. 
treated. The equipment needed for the carburizing oper, 
materials used, the time consumed, and the supervision 


cause a heavy labor and overhead charge which increases 
of the finished part. 


POSSible 

heat 
0, the 
equired 


Ne Cost 
Selectwn of Steel 


The heat treatment which the part is to receive and the 
machinability of the steel should be considered. Several well 
known types of steel may be adopted as standard. It is prefer. 
able to have these conform to specifications of national envineer. 
ing societies. For special cases it may be necessary to have special 
analyses, but adherence to a few steels will result in better service 
from the steel manufacturer when business is good and steel js 
difficult to obtain. Less steel will be required for stock purposes 
as the sizes for the various parts will duplicate and a smaller 
quantity in stock will meet all demands. A better knowledge of 
methods of handling in the heat treating department wiil result 
as familiarity with certain well known types increases. 


Sources of Supply 


Each type of steel should be procured from several manufac- 
turers and experience will show the quality which each can fur- 
nish. They’should be graded and purchases made accordingly. 
The steel should be carefully inspected when received, for chemical 
analysis, surface, size, seams and occasionally fracture and micro- 
structure. 


Carbon Steel 


A well made carbon steel will be satisfactory for most ordinary 
purposes and a variation in analysis between the S. A. E. limits 
will not materially influence the results. The machinability can 
be increased by raising the carbon content to a maximum of 0.30 
per cent. This element, in both simple and alloy steels, should 
preferably be below 0.20 per cent. A high manganese content, |. ¢., 
above 0.60 per cent, is generally supposed to induce a brittle core. 
High manganese, however, is sometimes specified to obtain in- 
creased surface hardness and increased core strength. These types 
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are hardened in oil, High phosphorus and sulphur contents in- 
erease the machinability but generally indicate a steel of poor 
quality. These elements are, however, many times added inten- 
tionally to steels of good quality to increase the machinability. 
\ low silicon content, 1. e., below 0.10 per cent, sometimes indicates 
a steel which has been poorly deoxidized in the process of manu- 
facture, especially those steels in which other deoxidizing agents 
have not been used. 


Alloy Steel 


The alloying elements which are generally added to earburiz- 
ing steels to increase the strength and wearing qualities are 
chromium, nickel, vanadium and molybdenum, either alone or in 
combination. Nickel tends to retard the grain growth at carburiz- 
ing temperatures, and produces a strong and tough core, the 
percentages usually used being 0.5 to 5.0 per cent. Chromium is 
used alone in percentages up to 1.25 per cent and gives a greater 
abrasive hardness to the case. S. A. E. steel 3115, containing about 
1.25 per cent nickel and 0.60 per cent chromium is recommended for 
general high grade use. Molybdenum, about 0.15 to 0.25 per cent, 
or combined with about 1.5 to 2.0 per cent of nickel is used with 
good results. The use of molybdenum steel containing chromium 
is not recommended, as this steel has an inherent tendency to 
distort in the carburizing operation. 


CARBURIZING PROCESS 
Divisions 

The carburizing materials are divided into three classes, solids, 
liquids and gases, the solid type being generally used. In this 
process, the parts are placed in suitable pots or containers, 
surrounded by the carburizing material and the pot closed by a lid. 
The carbon is absorbed from gases generated by the compound. 
The lid should seal the pot thoroughly to prevent the escape of 
these gases. The liquid baths are cyanogen compounds and thg 
parts are immersed in the liquid. Most of the salts used are very 
poisonous, although there is one bath in commercial use which is 
not. In gas earburizing, the parts are placed in a heated container, 


which is then sealed and a gas of definite composition passed 
through it. 
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Action of Compound 


All carburizing compounds depend on carbonaceous eases 
a carrier of the carbon into the steel. The amount and naty). 
of these .gases, and the rate at which they are generated by 
pound, determines to a great extent the carbon penetrat inte 
the steel and the carbon content of the case. A well balanced 
composition of the compound is, therefore, necessary in order 4, 
obtain desired desults in the carburizing operation. The physical 
properties must, in addition, be such as to allow handling jy eo) 
mercial practice. 


Lhe com 


Properties of Compound 


Almost every kind of carbonaceous material has been ised. 
the usual ingredients being at present charcoal, charred bone. 
charred leather, bituminous coal, and different kinds of coke. The 
latter is added as a filler and to reduce shrinkage. The efficienc) 
of a compound is determined by: 


1. The rapidity with which it transmits carbon to steel 
at the various temperatures of carburization. 
The ability of the compound to be used over and over 
again without loss of carburizing power. 
Low specific gravity, as compounds are purchased }) 
weight and used by volume. 
The ability to maintain the same volume when packed 
‘Low shrinkage loss per run. It is much better to hav: 
a compound shrink gradually than to have a high 
initial shrinkage. 
Freedom from pitting the steel or imparting to 11 
undesirable constituents. 
Freedom from dust. 
Relatively good thermal conductivity. 


DEFECTS OF COMPOUNDS 


The compound which does not carburize uniformly produces 
a ease of irregular carbon content. Soft spots are then found 
after hardening, due to the carbon content of the soft spots no! 
being high enough to harden satisfactorily. These spots may | 


caused by an actual non-uniformity of the compound or by the 
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aking of some of the fine powdered portions against the surface 
¢ the part, which would prevent the carburizing gas from coming 
» contact with the steel. In general, the velocity of penetration 
. opeater if the gas generated can circulate freely around the 
ompound and the steel with which it must react alternately. 


Tests of Compound 


Most of the compounds used today are manufactured aceord- 
» to more or less secret formulas and it is well to standardize 
) certain brands from a reliable manufacturer. Each shipment 








Recommended Temperatures and Cooling Mediums to be used for 
Carburizing and Heat Treatment of Carburized Objects. 


PRELIMINARY HEAT TREATMENTS|| Carsurizine || REFINING AND HARDENING 
use either A or B. TREATMENTS 
ow A 


Temperature 
Hardening 
in 


Quench 
Tempering 


Quenching 
Reheat to 


Cool 


| Temperature 
| Regenerative 


| Quench 


air | 1650 | oil | 1100 | air | 1650 | pots | 1600 | oil | 1425 | brine | 
air | 1650 | or | 1100 | ai 1650 | pots | 16 i 25 | brine 
air | 1650 | water | 1100 | ai 1650 | pots 300 | oil | 1425 | brine 
air | 1525 oil 1000 ai 1650 pots 525 oil | 1375 | oil 
air | 1525 oil 1100 1625 | pots | 1525 | oil | 1375 oil 

air 1600 | oil | 1000 | 1650 | pots | 1550 | oil | oil | 325 

air 1600 ater | 1100 | 1650 pots | 15 | Oj | water | 325 

et Lite oR ehekit Wo oat ee a ize Fee 4 » | oil | 325 

700 | air | 1550 | oi) | 1150 | 1650 | pots | oil | 325 
1700 air | 1559 oil 1150 | 1650 pots 550 i oil 850 
1650 | air 1525 oil | 1200 | air | 1625 | pots oil 875 
.. | 1500 | oil | 1200 } fee.| 1625 | pots | 1400 | oil | 375 

0 | air 1550 | oil | 1150 | air | 1625 | pots | 1400 | oil 850 


1650 | air | 1650 | oii | 1100 | air | 1650 | pots | 2: oil | 1475 | brine | 375 














The temperatures and cooling mediums given in this table are dependent upon and must 

be varied according to the instructions given in the main section of the recommended 

practice. Particular attention should be given to varying the regenerative temperature 
th the size of the part and degree of distortion which must be avoided. 


of Incoming material should be tested by packing a few pots with 
the new compound and earburizing with them at a fixed tempera- 
ture for a fixed time. An examination of the test specimens will 
sive standards which can be used to compare new lots of material. 


Charcoal Compounds 


Chareoal alone is not sufficiently active to sustain carburizing 
tor any appreciable length of time. The common types of com- 


pounds have a hardwood charcoal base, with the addition of coke 
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as a filler to reduce shrinkage, and chemicals to energize t})> . 
Some large users specify the composition and properties 
carburizing material, the specifications usually varying 
the following limits: 


iction 
t their 
etween 


EO ree eee ee ee 
Barium carbonate 5 
Caleium carbonate 
Sodium carbonate 
Moisture 


ereeeeereeees eee ee eeeeeeseesnese 





~ » max 
o4 pounds 


It has recently been shown that 214 to 5 per cent of barium 
carbonate alone, has as great an influence upon wood charcoal 
larger quantities.’ 


as 


Bone Compounds 


A distinctly different class of compounds are those with charred _ 
bone as a base. Their compositions are usually as follows: 


Per Cent 


ee ee ee eee ewe ewe eeer eee eee 





Oil 


ore eee ewe eee eee ee eee ee eee eee eee eer eer rre 






Energizing chemicals ....... 2.00600. ccceees none— 3 
Wont per:-culihe S006 ia ic's 5, oicaje denis sev ewinc's 45 ~-60 pounds 
Skrinkage after first run.................... — negligible. 


This compound is slow in action, but will sustain carburizing 
practically indefinitely. The weight per cubic foot is high and 
the compound is, therefore, expensive to use. The heat conductivity 
is low and a longer time must be allowed for bringing pots packed 
with bone base compound to carburizing temperature than when 
a charcoal base compound is used. The shrinkage, when used in 
commercial proportions, 1. @., one part new to 3 or 4 parts old 
compound, is negligible, which is of great importance when long 
heating periods are required. These compounds heat faster after 
being used for the first time. 
















Shop Mixtures 


The shop mixture of a compound consists of mixtures of new 
and used compound varying between 1 to 1 and 1 to 5 with the 
usual proportions, 1 part new to 3 parts used material. Energiz- 
ing compounds of the charcoal base type should be given oppor- 





‘Transactions of the American Society for Steel Treating, Vol. VI, 


November, 1924, 
pages 606 to 614. 
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yinity to take up carbon dioxide from the air in order to, restore 
» carbonates which have been reduced to oxides in the carburizing 
process. ‘The used compound should be screened in order to 
remove the dust. A good machine for this operation has recently 
been placed on. the market. The compound may be mixed by 
hand or mechanically, depending upon the quantity of the material 
used. 
MATERIALS 


Container Materials 


Packing pots are made from cast iron, cast and pressed steel 
and special heat resisting alloys. Cast iron and steel containers 
. of short life and are subject to warping and sealing. Cast 
iron usually lasts 200 to 300 hours and east and pressed steel 700 
0 1000 hours. The warping of the pot has a tendency to intro- 
duce scale and foreign material into the carburizing material, which 
may cause soft spots on future work. 


Basis of Comparison of Containers 


Comparisons of containers are usually made on a heat hour 
ost basis, the length of life of the containers being determined 
by actual service and this figure divided into the cost of the pot, 
which gives the cost per service heat hour. The more expensive 
special heat resisting alloys have a longer life and their cost per 
heat hour is in most cases below that of the cheaper containers. 


Alloy Contaners 


The special heat resisting alloys usually have a service life 
of 3000 to 5000 heat hours, depending upon local operating condi- 
tions. They are much less subject to warping. There are a 
number of satisfaetory alloys on the market, the chromium-nickel 
alloys with a small pereentage of iron being usually found to give 
the best service. When trouble is encountered with these materials, 
it is usually due to eracking and casting defects. 


Container Design 


The design of the pot is of primary importance as well as 
the proper distribution of metal in the walls, reinforcement ribs, 
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legs, ete. A compromise in size is found between the \ 
containers, which are expensive in handling practice and {})o laro; 
containers which have a tendency to heat unevenly. A longer jj. 
can be expected from round pots with or without a chimney ; 
the center than from pots of square or rectangular desicy. The 
size of the pot should be governed by the size of the parts. Sypaij 
parts should not be placed in an extremely large pot, as there 
a considerable temperature gradient between the outside and the 
center while passing from the critical temperature where cay)y)j, 
ing starts to the carburizing temperature where the shop ma 
starts to count ‘‘hours after heated through.”’ 


) Small] 


HEATING PRACTICE 
Factors Influencing Heating of Pots 


The effective temperature or the temperature inside the pot 
and the carburizing time is usually spoken of as so many hours 
after heated through at the carburizing temperature. The heating 


Thermocouple 


Cast Iron Borings 
Protection Tube 


gest Iron Borings or Clay 


1}. 
WLLL; 


Lid 


Fig. 1—Diagram Showing Arrangement of Thermo- 
couple in Carburizing Box. 


through of the pots is judged in two ways; by estimating with 
the eye, and by thermocouples placed inside the pot (see Fig. 1). 
The first method must be used on pots which are so small that it 
would be impracticable to place a thermocouple inside them. 4 
number of factors will have an influence upon the time of heating 
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temperature and should be considered. A hot furnace will 
pring a capacity load of pots to temperature much quicker than 
, cold furnace. One pot will be brought to temperature much 
auieker from either of these furnaces than a capacity load. The 
time of heating to temperature should be standardized for each 
ive of pots and this schedule time adhered to by the furnace 
operator who has direct control of the local conditions. The re- 
ording of the temperature by a thermocouple inside the pot makes 
, schedule heating much easier for the operator. A thermocouple 
should also be placed in the furnace so that the furnace tempera- 
‘ure may be more readily controlled, as otherwise excessive furnace 
temperatures or extremely variable heats will be obtained. 


The time of heating to temperature is also dependent upon 
the degree of distortion which it is desired to avoid. Quick heating 
always has a tendency to produce more distortion than a slower 
heating, and this factor must be borne in mind. The temperature 
in any pot must be comparable with the temperature inside any 
other. To this end the furnace must be designed to heat evenly 
ind the pots must be spaced on the furnace hearth so that they 


will heat evenly and uniformly. They should also be lifted off 
the furnace floor by short, stubby legs, so as to allow a free cir- 
culation of the heatmg gases. The containers in different parts 
of the furnace should reach the carburizing temperature simul- 
taneously. The outside and corners of the containers heat more 
rapidly than the interior and some pots, usually in front of the 
furnace, near the door, will be heated slower than the others. A 
certain amount of variation is unavoidable even in the same fur- 
nace, but with standardized furnace practice, this variation should 
not exceed 20 per cent in case depth. 


Heat TREATMENT 
Carburized Zone 


The carbon content at the surface of the work increases with 
the carburizing temperature. The formation of free carbide at 
the grain boundaries is undesirable, as it leaves a’ very brittle 
surface exposed to service stresses. Good carburizing practice 
requires that this carbon content be kept to about 1.15 per cent, 
with an even gradation of the carbon content toward the core. 
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The amount removedeby grinding will reduce the car! 
exterior layer to about eutectoid proportions. The earl) 
is determined by the carburizing temperature and the | 
while the gradation depends upon the analysis of the 
rate of cooling of the pots. The allowable temperature 
extent depends upon the nature of the work. Where s)ceq and 
expense are primary considerations, temperatures of 1725 ty 175) 
degrees Fahr. (940-955 degrees Cent.) may be used. Fo; 
practice, 1650 degrees Fahr. (898 degrees Cent.) will vive a gy. 
isfactory rate of penetration. When the regenerative ier, 
not to be used, it is good practice to carburize about 1() 
Fahr. lower than usual, in order to preserve, as far as possible. 
a fine grain in the core, together with all the toughness that ¢a)) }y 
secured. Thin eases, of 10 to 15 thousandths, are better obtained 
with a low carburizing temperature of 1500 to 1550 degrees Fahy 
(815-843 degrees Cent.), as this can be controlled to produce 
uniform heating. Before unpacking the containers, it is vou 
practice to check the depth of case by quenching a sample piece 
in water and comparing the fracture with the desired depth 
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Measurement of the Carburized Zone 
The term “‘depth of case,’’ as used in the shop, is the depth 
of the refined case to be observed with the naked eye after 
carburizing, hardening and breaking for fracture. This depth is 
the term referred to, unless otherwise specified. On many steels 
it is hard to judge with extreme accuracy, particularly on those 
steels which harden in oil and which have strong cores. 


REGENERATIVE QUENCH 

After carburizing for the desired time the grain size of the 
case and core will have increased due to the long soaking at high 
temperature. If allowed to cool in the pots, the excess case will 
form a network between the grains, or separate in large masses, 
depending upon the type of steel used. This slow cooling also 
tends to produce an extremely coarse grained core. After heating 
and quenching from a temperature which will give the best case 
refinement, the carbide structure will not be changed and wil! form 
an easy path for fracture due to its intrinsic brittleness. The 
structure of the core will also remain unaffected. Quenching from 
the carburizing temperature where this excess carbide is in solution 
will not allow it to form a net work or to precipitate in large masses 
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mhe core Will also be much finer grained and considerably harder, 
oes the carbide content is very low. The disadvantages are: with 
A high carburizing temperature and long exposure the case and 
i. are both incompletely refined; the proper quenching tempera- 
wre for the core is about the same as or below the usual carburizing 
temperature ; large work is difficult to handle on account of the heat. 
The best core eondition can be obtained by allowing to cool in the - 
wot, reheating and quenching from a temperature which will refine 
‘hy ore and also break up any undesirable structures of cementite. 
This quench is called a regenerative quench because it regenerates 
yr restores the structure of the case and core. It is generally made 
fom a definitely fixed temperature. If no excessive earbide is 
med, the regenerative treatment is only necessary for the re- 
finement of the core. If the carburizing temperature is com- 
nuratively low and the time of exposure short, the grain will not 
vrow excessively, especially with certain steels, and a quench from 
the carburizing temperature will produce the necessary regenera- 


e effect. 


Cooling of Pots 
The cooling of carburized parts is usually allowed to take 
place in the containers, outside the furnace. In this way, the 


exfoliation of the case from the core after hardening is suppressed 
wid the detrimental effect of any excess carbon in the outside 
layers of the case is greatly reduced. 


Depth of Case 

lor most ease hardened parts a hard surface, able to resist 
wear, is the primary consideration, and an even hardness without 
wit spots is, therefore, required. For many applications, the 
nature of the service also requires a strong, tough core in order 
tv Impart proper strength. The case resists wear and strengthens 
the part. A case which is too deep not only costs more to produce 
wut surrounds the core with a hard, brittle, unyielding exterior, 
aid any heat treatment which is given the core in an endeavor to 
toughen and refine it is of little avail. When such a piece receives 
asevere shock, the fraeture of the case will occur suddenly and the 
toughness of the core will have little influence in resisting total 
lailure of the part. 

In carburizing, sufficient allowance must be made for the 
etal which will later be removed by grinding. This will amount 
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to 10 to 15 thousandths for most parts, excepting those \\\\\c}, y - 
badly and require a more generous allowance. A sufficiey; depth 
of case is required to allow the piece to harden uniforiy withoy 
the liability of soft spots and to a depth so that the piec 

a certain amount of wear and still present as hard » 

the wearing action as it presented in the beginning. 1), 
many parts is limited as the loss in efficiency of the part jy q 
great after a certain period of time that it is much better to throy 
the part away than to continue to use it. A deep case will no 
prevent the part from being discarded after it becomes excessively 
worn so that the loss in mechanical efficiency is a greater factor jy 
the service life than the preservation of a hard wearine surface. 


an Stand 
irface to 


wear on 


Hardening Temperature 
The hardening temperature of the case is below the critica] 
temperature of the core and the grain size produced in the core 
by the carburizing temperature or regenerative quench is not 
affected. The hardening temperature is usually chosen as the 
temperature which gives the best fracture on several dummies or 
experimental pieces hardened from various temperatures. The 


figure given in Table I is the middle of the range of prob 
able hardening temperatures. 


Hardening Hazards 

An intricately shaped part will probably be made from 
a carburizing steel, owing to the hazards which would be encoun 
tered in Hardening, if made from tool steel. It should, therefore. 
be hardened carefully, i. e., preheated, heated thoroughly and uni- 
formly, and cooled at the slowest rate which will give the desired 
hardness. The practice of quenching from the carburizing pot 
without a subsequent rehardening leaves the case in a very coarse 
and undesirable condition, and should never be used, except where 
cheapness of treatment is the only consideration. 


Distortion 

Distortion must be avoided in many parts. This can be done, 
not by care in one operation, but by extreme care from the begin- 
ning. The steel must be selected and inspected carefully. The 
parts must receive a preliminary heat treatment after or before 
the rough machining operation. The method of carburizing must 
be studied and the subsequent hardening operations carried on with 
extreme care as to the heating and cooling cycles. In many cases, 
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the regenerative quench must be omitted, because the high tem- 
nerature ff this operation causes too much warping. When the 
regenerative quench is omitted, it is common practice to carburize 
at 100 degrees Fahr. lower temperature to avoid distortion. The 
only recommendations that can be given in a table are the prelim- 
nary heat treatments. 

Tempering 

Severe service conditions demand the best structural condition 
in the part. This can undoubtedly be obtained by allowing to 
ool in the pot, giving a regenerative quench, hardening quench, 
and tempering operation. Tempering may be carried on for the 
relief of strains at a low temperature or at higher temperatures 
for the increase of toughness and uniformity. without materially 
reducing the hardness. An oil bath is preferable to an open 
furnace for temperatures up to 600 degrees Fahr. (315 degrees 
(ent.). For simple earbon steels, a softening of the surface is 
obtained after the tempering temperature exceeds 375 to 400 
degrees Fahr. (190-205 degrees Cent.) and for maximum hardness 
the tempering temperature should be kept below this. Most case 
hardening work is finished by grinding and the tempering opera- 
tion will materially reduce the tendency for the formation of 


crinding eracks. It will also diminsh the tendency to distortion 
after finish grinding, i. e., aging. 


Furnace Practice for Hardening 


[t is also necessary to observe proper precautions in regard 
to furnace practice in the heat treating operations. Salt bath 
furnaces avoid sealing and overheating. They are expensive in 
maintenance and operation. Constant vigilance is necessary to 
keep the composition of the bath so that it will not decarburize 


the work. Lead baths offer the advantages of salt baths and are 


very useful. Small hearth-type furnaces require care to ensure 
that the pyrometer reading not only indicates the temperature of 
the tip of the thermocouple but the temperature of the furnace 
and work. Continuous furnaces with movable hearths are ap- 
plicable where’ a production schedule exists which can keep them 
going. 
Cost Versus Quality 

The shape of the piece, class of the steel and service conditions 

regulate the heat treatment which can be given the part. The 
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best quality can be produced at a certain cost and a) 
or restriction of this cost which interferes with th: 
ment which ean be given the article must result in a 
of the highest possible quality. There are many part 
ing this quality which must be made at low cost. 
intermediate treatments must be used, such as quench; 
from the carburizing pots, possibly followed by temperine 
ing directly from the carburizing pots followed by hard 
possibly tempering. 


os direct \ 
quene 


ening 


Testing | 

The best method of testing the carburizing operation js 
examine the case after subjecting the part to the standard hes 
treatment. This examination may be made by breaking the pay 
for fracture, or by taking sections from it and examining the) 
under the microscope.- The fracture-test is easily made a routin 
inspection and gives a check on the quality of the material leaving 
the heat treating department. The Brinell hardness test is inap. 
plicable, as it punches through thin eases and is affected by th 
depth of case. Scleroseope tests give comparative values on tly 
same materials but are affected to a great extent by the shape and 
size of the part. The file test is a shop method of testing hardnes 
It is quite a satisfactory method. 


Fracture 
The examination of the fracture should show whethe: 

case is of sufficient depth; if it is well refined; ete. It is well | 
adopt a definite standard of depth which should be noted on th 
heat treatment instruction card. The method of breaking fu 
fracture; gradually or quickly, across or with the grain, alters th 
fracture and apparent depth of the case considerably. Belor 
rejecting the part on account of insufficient depth of case, it should 
be broken several times. 


Use of the Microscope <a 
A microseope is used as a supplementary means of inspectio KE, W. 

on special work. It is a matter of a few minutes for the metallo- perienc 
graphist to polish, etch, and examine a specimen for depth of case his Insp 
distribution of carbon, free cementite, ete. The following table 

shows in condensed form the most common defects in case han 

ened work, the possible reasons, and methods for their identiic- 

tion and correction. 
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Case Indication Correction 










A. Carburizing tem 
perature not cor- 


rect. 
Al. Furnace tem Results vary in the Redesign furnaces. 
perature uneven. same furnace and Modify heating prac 
Temperature of from the same con tice. Allow longer 
containers not tainers. time for bringing 
lanth of i earbon | uniform. furnaces to tempera 
‘t le spec ture. 















Faulty pyro Entire furnace loads Cheek pyrometer 
meter readings. unsatisfactory. system. 








3. GCarburizing com Results from entire Check carburizing 


pound too weak department vary from compound before ac 
[ or too strong. usual results. cepting shipment 
Change time and 


temperature until de 
sired results are ob 
tained. 








Bl. Improper hard 
( ening tem 
| perature low or File test. Raise hardening 


uneven. temperature, 


Improper quench. File test. Use faster quench 

brine or spray. 

pra) 

File test. ie af 
Determine whether ‘ orrect carburizing 
practice. Correct 
heating practice for 
hardening. 


Soft spots obtained 


B2 
B3. Surface decar- 


: decarburization oc- 
burized. 


curred in carburiz- 
ing or hardening 
furnace. it 

Correct carburizing 


B4. Low carbon con ke above ‘B-2 practice. Try other 
tent or uneven : compound. Check 
penetration. pyrometers. 









Too high harden- I'racture tests. Decrease or adjust 
ing tempera hardening tempera 
tures, ture, 

















C2. High _— surface Fracture tests. Decrease hardening 
carbon. temperature. Use 
(freckled edges) double quench with 


rather high tempera- 
ture for regenerative 
quench. Use weaker 
compound. 








Acknowledgment is made to Robert Schenck, W. R. Shimer, 
i. W. Ehn and especially to F. P. Martin, whose extensive ex- 
perience has been largely drawn upon, and to H. S. Brainerd for 


ls Inspiration in the furthering of this work. 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Publis! 
Transactions Are Open to Comment and Criticism in T} 
Column — Members Submitting Discussions Are Requested 

to give Their Names and Addresses 
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DISCUSSION OF R. G. GUTHRIE’S PAPER’ ENTITLED 


‘HIGH 
POWER MAGNIFICATION IN METALLOGRAPHY ' 


By H. M. Boy.stTon? 


have great admiration for any one who has the patience and 

for making photomicrographs of metal specimens at very high magnificy 

tions, and Mr. Guthrie is to be congratulated on his attempt to show th 

effect of the type of illumination and the influence of the kind of 
chosen for high power work. 

There are one or two points to which I should like to eal) attention 

as they come to mind on reading through his article. 


objectiv 


7 ‘ 
F or instanee, it 


quite apparent from a comparison of his Figs. 2 and 3 that plain axial 
illumination shows clearer detail than conical illumination without losing 
anything in contrast. He has presented photomicrographs, however, which 


run in magnification all the way from 350X (Fig. 7) to 12,500X (Fig. 11), 

and there are some discrepancies here which I find hard to explain. 
For instance, comparing Figs. 4, 5 and 6, evidently taken from th 

same spot on the specimen, he gives magnifications of 1500X, 2000X and 


5000X respectively. Assuming that Fig. 4 marked with a magnification of 
1500X is correct, I have carefully measured the distance between certaii 
points on the original prints corresponding to this figure and Figs. 5 and 6 
and have .caleulated magnifications of approximately 2240X and 3270X 


respectively for Figs. 5 and 6. That is to say, he apparently has unde: 
estimated the magnification in the ease of Fig. 5 and overestimated it bya 
considerable amount in the case of Fig. 6. If my caleulations are correc 
and assuming that Fig. 4, marked 1500X, has the magnification marked 
correctly and that Fig. 6, marked 5000X, is in error, then assuming that 
the same error is made in determining the magnification of Fig. 11, th 
actual magnification of Fig. 11 should be approximately 8175X, 
12,500X. It is impossible to check this up directly, because it is not clear 
that Fig. 11 was taken from the same spot as either Fig. 4 or lig. 6. 

To make the matter clear, I have set down my results below in the form 
of a table in which are given the figure number, the distance in inches be 
tween certain corresponding points in Figs. 4, 5 and 6, the magnifications as 
marked for Figs. 4, 5, 6 and 11, and the correct magnifications as calculated 
by me, on the assumption that Fig. 4 is marked correctly as to magnification. 
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Calculated Magnifications of Figures 5, 6 and 11 






Calculated Magni- 










Distance in Inches Magnification as fications Assuming 
between Certain Printed beneath Fig. 4 to be 
Fig. No Corresponding Points the Photomicrograph Correctly Marked 
ms 2.375 1500X 
= 3.55 2000X 2240X 
é 5.17 5000X 3270X 
12500X 8175X 



















| would add also that in my opinion Figs. 5, 6 and 11 are excellent ex- 
ples of empty magnification, since they do not show us anything that can- 
+ readily be seen in Fig. 4, for instance, or, for that matter, in Fig. 2. 


AUTHOR’S REPLY 





in answer to Professor Boylston’s discussion of my paper, I should say 
t it is our practice to very carefully measure the magnification of all photo- 
wraphs taken after the actual photographing has been completed, using 
this purpose a stage micrometer graduated in hundredths of a millimeter. 
The procedure in the ease of the photomicrographs under discussion was to 


first take all of the photomicrographs, in each case noting the exact condi 
tions under which the photomicrographs were made, and, later, setting up 
‘onditions and using the stage micrometer in place of the sample. The 
magnifications are all measured as correctly as it is possible to measure 
them with a millimeter seale. 


these 


Taking the points that Professor Boylston brings up in the order of their 
rance in his diseussion, the first one, in his second paragraph is the one 
vhich he compares Figs. 2 and 3 and makes the comment that Fig. 2, taken 
with plain axial illumination shows clearer detail than Fig. 3, taken with 







illumination. The point that he brings up was not emphasized par- 
ticularly in the paper under discussion, but was discussed rather in detail in a 
ater paper read before the sectional meeting at Cincinnati, Ohio, in which 
this point was made very clear. I would refer the reader to that paper pub- 
lished in TRANSACTIONS, Mareh, 1925. Of course, Professor Boylston may 


a preference for flat, axially illuminated photomicrographs, and if he 














does that is perfectly all right, as everyone enjoys the right to their own 
tastes in matters of this kind. I will say in defense of the photomicrograph 
of Pig. 5, and eonieal illumination in general, that this plate is not a good 
example of conical illumination; in fact it is not a good example of photo 
micrography at all and is probably the poorest plate in the entire paper. 
However, if the reader wishes to compare the relative merits of these two 
types of illumination, let him compare Fig. 2 with Fig. 5, although they are 
hot at the same magnification. Furthermore, Fig. 3 was not taken of exactly 
the same field as Fig, 2, 

The next part of the discussion concerns itself particularly with the mag- 
ufications as placed under the photomicrographs. He gives a table con- 
igs. 4, 5, 6 and 11, and for the reader’s satisfaction we have set up 
the photomicrographie machine according to the conditions given for the above 


erning | 
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plates, replaced the sample with the stage micrometer, and phot: 
same for each set of conditions. These photographs are herwit] 
so that the reader may measure the magnifications for himself 
meter scale. 


Fig. A—Photomicrograph of Stage Micrometer Taken of Div 
sions One One Hundredth of a Millimeter Apart. The Distance B 


at 
tween the Lines in Fig. A is 15 Millimeters, which is Equivalent t 
1500 Diameters. Fig. B Shows the Same Lines Having a Distanc 
Between Them of 21 Millimeters, which is Equivalent to 210 
Diameters Magnification. Fig. C Shows the Same Lines Having 
Distance Between Them of 50 Millimeters, which is Equivalent 
5000 Diameters Magnification. 


Fig. A, which corresponds to Fig. 4, and was taken under identical co 
ditions, measures 15 millimeters which, when multiplied by 100, gives 1° 
diameters. Fig. B corresponds to Fig. 5. and measures 21 millimeters, 
2100 diameters. Fig. C corresponds to Fig. 6, which seems to have given ' 
most concern, measures exactly 50 millimeters or 5000 diameters. 

[ agree with Professor Boylston, however, in that certain points take! 
on Figs. 4, 5 and 6, when measured and compared with the magnificatio! 
given, do not correspond; however, T am at a loss to know just how this 
condition occurred, and can only imagine that Fig. 5 was not the photogral 
that should have been put over the conditions as given for it. Nevertheless, 
the conditions as given and the magnifications accompanying them are, &s 
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ON 


Fig. D—Shows the Same Lines as Shown in Wigs. A, B, and C 
Magnified to 12,600 to 12,700 Diameters Magnification. The Distance 
Between the Lines in These Figures is 126 to 127 Millimeters. 
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be seen from the foregoing, entirely correct. I regret very m 
condition has occurred, and the only explanation I can make for ; 
correct photomicrograph for the conditions given must not hay. bee) 
lished. While these micrographs were being taken, a great many others we. 
run off, and it is just possible that the correct one was replace: 

tended for some other purpose even though of the same field. 


IS that th, 


DV One jy 
As far as Fig. 11 is concerned, the Professor is entirely 
calculations, Inasmuch as it was the only extremely high po 
micrograph taken, it certainly could not have been replaced by o1 
power throughany mistake of ours or otherwise. I am please: 
Fig. 11 is correet in magnification, and if anything the magnification 
measure more than given. Fig. D was taken under identical conditioys 
Fig. 11 and actually measures 126 to 127 millimeters, giving a magnifies; Q 
of 12,600 to 12,700 diameters. However, it might be well to mention here tha 
an error of 100 dameters or so in the measurement of a micrometer geale » 
12,000 diameters or more is not an uncommon thing as can be seen from th, 
photomicrographs. The Figs. D, E and F were taken under identical 9) 
ditions with the exception of the illumination and the fact that an 
effect is obtained upon Figs. E and F, whereas the actual effect as shown 
Fig. 11 is shown in Fig. D. Fig. F was photographed without the use of ; 
filter whereas Fig. E made use of the Wratten ‘‘H’’ filter, giving 4 
much sharper and easier to measure. Figs. E and F were purposel 
with a view to reversing the colors of the objects. It will be noted th 
lines or divisions on the micrometer in Figs. E and F are white, 
Fig. D they are black. This was accomplished by manipulation 
illumination and not by filters. 


is 


Inverss 


In addition | might say that Fig. 11 was not taken of any of 
pearlitic areas shown upon the other photomicrographs, it being in reality 
made from an entirely different sample. Nevertheless, I will reiterate that | 
am very much pleased to know that a check on these figures reveals the fact 
that Fig. 11 is actually above 12,500 diameters in magnification. 


Professor Boylston’s final remark regarding the fact that Figs. 5, 6 and 
11 are excellent examples of empty magnification, simply means that in thes 
three figures as the enlargement of the original image of the objective i 
creases, the depth decreases. But it is a matter of one’s personal opinion ¥ 
garding so-called empty magnification, and whether high power plotomic 
graphy means anything or-not. The closing paragraph of the January pap 
now under discussion reveals my own personal feelings regarding high 
photomicrography, and it depends a great deal upon the individual as | 
whether or not it is of any value. 


I do not believe that Professor Boylston’s comment should be taken as 
absolute in its meaning, since there are a great many other people who le 
just the opposite and believe that magnifications above the usual 0 
orthodox conception of the fact that magnifications using a given objecti 
should never be over 1500 diameters (even when using an apochromall 
objective with a 2-millimeter focal length, 1.40 numerical aperature, 
mersion), névertheless, I feel that it is possible to enlarge by 
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ection advantage. There is a certain amount of correctness to the state- 
ment that all that is seen in Fig. 5 can be seen in Fig. 2; however, as far as 
that 1s ncerned, it might be possible to see as much in Fig. 7 which is very 
a to the aetual magnification of the objective itself. Nevertheless, it is a 
what is seen will not be nearly as apparent as it will be in some of 

high power plates. 

it is not a question of the fact that one sees more, because enlargement 
by projection or by ocular does not increase the number of visible objects in 
the field, but it is a question as to whether or not it is more advisable to study 
. field which has a very small number of constituents in it and those enlarged 
ty such an extent that their characteristics are greatly emphasized. One of 
the great difficulties in studying structures under the -microscope is that too 
nuch is seen rather than not enough; and there are very few people who can 
honestly say that they truthfully can pick out and name every constituent that 
‘s seen in the ordinary photomicrograph, even of simple substances. And there 
ire still fewer who know anything about the mechanism of the formation and 
easons for the formation of these constituents; and consequently it seems 
that it is much better to study a field enlarged as much as it is practically 
possible by single projection and narrowed down to as small an area of the 
sample as possible, to be able to better understand what is seen. 

The above of course refers to an actual study of the mechanism of strue 
tures and not to an interpretation of some general specific trouble that has 
weurred in the material. 


| should like to add in closing that it should be the practice of every 
netallurgist and metallographist to first study a given sample at the lowest 


powers possible, then at an intermediate power using for enlargement a com- 
bination which would yield a field of maximum resolution as well as of maxi- 
mum area. Lastly, a eombination of objective, ocular and camera extension 
which would yield a field of maximum resolution and maximum practicable 
enlargement or magnification with a minimum area. 


R. G. GuTHRIE. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members > 
Submitting Answers and Discussions Are Requested 
To Refer to Serial Numbers of Questions 


NEW QUESTIONS 
QUESTION NO. 155. Is it more advisable to cool an ingot from m, 
temperature down to room temperature before reheating for forging o 
it down to 1000 degrees Fahr. and then reheat to forging temperature 
QUESTION NO. 156. What is the cause of ‘‘stickers’’ in th, 
of sheets from low carbon, basic open hearth steel sheet bar? 


QUESTION NO. 157. Does 0,07Q to 0.090 per cent phosphorus i) 
carbon basic open hearth steel tend to prevent ‘‘stickers’’ in thi 


sheets? If so, what is the explanation for such a tendency? 


QUESTION NO. 158. What is the present recognized cause for the ‘t) 
verse fissure’’ as occasionally found in rails? EST 
‘ OURS 


the chains Ub 


QUESTION NO. 159. What is the explanation for the retardin: 
on corrosion of small amounts of copper in low carbon steel? OUEST 


SS Pay Hey RI ees hearth and « 

ANSWERS TO QUESTIONS trend toware 

QUESTION NO. 134. What are the usual feeds and speeds used in ANSWI 
chining both carbon and alloy automotive steels, when using high speed stecl MeCook Fie! 
cutting tools? The pr 
@ 0 ew 0m eae rotal Ope n 

QUESTION NO. 137. What is the mechanism of the iodine etch for the act igur 
deep etching of steel? ournals, 
ee There 

QUESTION NO. 138. Is the electrolytic pickling process being used t pen hearth 
show up defects in steel bars? If so, how does it compare with the regula vasic open 


pickling processes? en ee 
As nei! 


the 


( sup] 


mmands | 


QUESTION NO. 142. What is the consensus of opinion of th: 
blisters in low and high grade steels sheets? 


Steel for r 


nag 
hage, 


QUESTION NO. 143. How can these blisters be eliminated? 


QUESTION NO. 144. Why do many chromiuwm-nickel steels 
laminated structure when viewed under the microscope? 





QUESTION BOX 


ER, By G. F. Comstock, metallurgist, 967 Harrison Ave., Niagara 


swer to Question No. 144 in May TRANSACTIONS does not, in my 


vive a true idea of the cause of laminated structure in chromium 
or other steels. Through the work of Stead, Howe, and Sauveur, the 
e of this structure is not ‘‘unknown’’ at the present time, but it has 
hown to be due to dendritic segregation in the ingot. The cores of the 
rites are relatively pure metal, and the impurities are concentrated to 
extent in the interstices between the dendrites. When the ingot is 
ed, this heterogeneous structure is squeezed into a streaky form, with 
nate bands of more or less pure metal, Diffusion at high temperatures 
, tendency to make the structure uniform, but the non-metallic inclusions 
se do not diffuse, and certain elements like phosphorus and _ nickel 
se very slowly. It has been shown that carbon is expelled from the 
phosphorus streaks during recrystallization at the critical points, and 
anded arrangement of the pearlite particles is readily explained in this 
Phosphorus is not the only element which causes dendritic segregation 
ersist in the form of bands in rolled steel. However, a low average 
horus content in the steel, even down to 0.025 per cent or less, does not 
ite that its distribution is uniform, or that narow bands of much higher 
sphorus content may not exist in the steel, causing ghost lines and 
ky arrangement of the pearlite. 


a 


QUESTION NO, 147. Is tt desirable or necessary to periodically ayneal 
chains used on eranes? If sO, why ? 


QUESTION NO. 148. What is the relative proportion of basic open 
wth and acid open hearth steel being produced at present, and is there a 

| toward increased relatwe production of either? 

ANSWER. By F. T. Sisco, metallurgst, Air Service, War Department, 
Cook Field, Dayton, Ohio. 

The production of acid open hearth steel is about 4 per cent of the 

| open hearth tonnage and about 3 per cent of the total steel tonnage. 
ct figures for the year 1924 may be secured from one of the trade 
als, The Iron Age or Iron Trade Review. 


X 


There is a slight trend at present toward a decreased tonnage of acid 
hearth steel. Part of the loss in acid tonnage is due to substituting 
open hearth steel for acid open hearth steel and part to substituting 

trie steel for the acid open hearth product. 

\s neither phosphorus nor sulphur is removed in the acid process, and 
e supply of serap and pig iron suitable for acid steel is limited and 
mmands a higher price, acid open hearth steel cannot compete with basic 

‘eel for rails, plates, structural shapes, which make up the bulk of steel 


Si 


Q } 


(open hearth steel is generally considered to be of better quality 
hbasie 


i steel. This is due to the characteristics of the acid slag which 
tains a much smaller amount of free oxides than the basie slag. Thus 
\d steel may be more thoroughly deoxidized in making. In addition the 
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acid slag has a higher surface tension than the basic slag, anot 
feature in the production of fine steel. The acid process is , 
in which quality is paramount such as alloy steels for ordnanc 
plate, and the like; and for fine alloy automotive steels, tools. 
field it has been partly supplanted by the basie electric proc 
duces high quality steel and in addition removes phosphorus 
In the next 15 years the tonnage of acid open hearth stee] 
drop to about 1 per cent of the total tonnage. 


QUESTION NO. 149. Do plates of basic open hearth stec! 
higher base rate than acid open hearth steel? 


QUESTION NO. 151. What effect does the temperatur: 
quenching bath have upon the hardness of a piece of steel que) 
from the proper hardening temperature? 


QUESTION NO. 152. Is manganese up to 1.50 per cent de 
a steel to be used for carburizing purposes? How does the high 
content affect the final product? 


QUESTION NO. 153. What is meant by acid and basic stee! 
ANSWER. By J. M. Wilson, 1243 Russell St., Allentown, Pa. 
Acid steel derives its name from the lining of the furnace i) 
is melted, and the composition of the slag. The lining, up to th 
and bottom of the furnace is silica (sand), which, when heated up to a tem 
perature slightly above the normal temperature for melting, the st 


1 which it 


teel will 
glaze over or.‘‘set’’, making a smooth bottom and lining. The impurities 
in the scrap used for making acid steel, (phosphorus and sulphur) 
removed in the acid process. Therefore, the serap and pig iron used must 
be low in these elements in order that the steel will finish within limits, 
which for most specifications is below 0.050 per cent for both phosphorus 
and sulphur. 

Basic steel also derives its-name from the furnace and composition of 
the slag used. The lining and bottom is of dolomite, which is a compound 
of magnesium and calcium with carbon dioxide, and is usually mixed with 
some of the basic slag. 

Limestone is first charged into the furnace and then the pig iron ani 
serap. After the charge is melted and the temperature of the furnace is high 
enough, the limestone is broken up into calcium oxide and carbon dioxide 
The calcium oxide being a base, combines chemically with acid elements or 
compounds, that is, silica, phosphorus and sulphur, ete. This basic 
forms a covering over the melted steel, and if the furnace conditions are 
correct, this basic slag usually retains most of the phosphorus and conside! 
able sulphur. Both elements finish much lower than in the acid process 

Silica bricks are used in building the furnace for the acid »! 
the bottom and sides in the basic process are made of magnesium brick 
up to a few feet above the slag line and the rest of the furnace is usually 
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if siliea brick. Ordinarily a course of neutral brick such as chrorie 


ompose 


rick separates the basic brick of the bottom and sides of the hearth from 


che side walls which prevents in a large measure too rapid destruction of the 


he slag. 


\NSWER. By F. T. Sisco, metallurgist, Air Service, War Department, 
\eCook Field, Dayton, Ohio, 

The terms acid and basic applied to steel refer to the chemical charac 
voristics of the refining process. At steel making temperatures the common 
refractories and fluxes have an acid or basic reaction. Silica (SiO,) is the 
hydride of the various silicic acids and acts as an acid at high tempera- 
niak [he basie refractories and fluxes, magnesite (MgO), dolomite 
MgO.CaO), and lime (CaQ) will react with silica at steel temperatures 

cording to the reaction: 


CaO + SiO, > CaSiO, 


‘he various refractories and fluxes, silica, magnesite, dolomite, lime, ete., 
melt at very high temperatures (3300 degrees Fahr. or above) but the 
silicates formed by the reaction between a base such as lime and an acid 
as silica melt much below steel making temperatures. Hence, if a 
rnace is lined with a basic refractory the slag used for refining must 
ntain an excess of bases. If an uncombined acid such as silica is present 

slag it will react with the lining at those places where the two come 
to contact, and will rapidly destroy it. 

\ base such as lime has the property of reacting with the oxide of 
phosphorus (phosphoric acid, P,O,;) forming calcium phosphate, a stable 
ompound held by the slag. Thus phosphorus is removed from the steel in 

basic process. Some sulphur is also removed. An acid such as silica 
will not react with phosphoric acid hence in an acid process phosphorus (nor 
sulphur) is not removed. 


Mor additional characteristics of the basic and acid slag, see answer to 
Juestion No. 148, 


QUESTION NO. 154. What are the advantages of nickel steel versus 
chromium-rickel steel for carburizing? 
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Reviews of Recent Patents 


By | 5s 
NELSON LITTELL, Patent Attorney | Thomas 


110 E. 42nd St., New York City | Steel Cc 
Member of A. S. S. T. 


1,531,811, Electric Furnace, Fredolf J. Peterson, of Detroit. 

This patent relates to an improvement in electrical furna: 
a better mixing of the materials in the bath may be obtained. 
cially adaptable for melting alloys containing metals of wid 
specific gravities. 


Michigan 


} 
ere 


The furnace comprises an oval-shaped chamber f, with the « 
up at a sharp inclination. The furnace is rocked on a pivot m 


of Bri 
Th 
and is mounted for reciprocation on a track j by means of wheels fter £ 
on the track. A motor M drives a pitman p to reciprocate the furnac high e1 
back and forth on the track, and at each end of its motion there is a s 
reversal, so that the material at the bottom of the bath runs up the 
wall, turns over, and drops back into the bath near the center, causing th 
heavier materials which have segragated at the bottom of the bath, t 
down through the lighter materials at the top, thus effecting the most plates. 
efficient mixing of materials. The arrows indicate the path of the molte) hath. 


withou 
the sf 
hydrox 


iround 


metal in the chamber, which is substantially a figure 8 in its movement LE 


assign 
Compa 

1,532,663, Treatment of Molten Baths, Porter W. Shimer, of Easton, T! 
Pennsylvania. 


Electrodes g enter through each side of the furnace. A _ hand wheel 
provided for tipping the furnace when it is to be tapped. 


ing (),] 
This patent describes a method of revivifying or reactivating case 

hardened baths, in which calcium cyanamide is used as the activating copper 

material. After some use, these baths lose their case hardening properties proper 

due to contamination or impurities therein, and can be revivified by t which 

addition of sodium cyanide to the bath, Preferably, the sodium cyant rapid 





REVIEWS OF RECENT PATENTS 801 


| in powdered condition, using about one pound or less of the cyanide 
1, a bath containing about 100 pounds of the molton case hardening mixture. 


1.533.236, Process of Locally Heat-Treating Hardened-Steel Articles, 
Thomas C. Dawson, of Bethlehem, Pennsylvania, assignor to Bethlehém 
Steel Company, of Bethlehem, Pennsylvania, a corporation of Pennsylvania. 

Phis patent relates to a process of locally heat-treating carbon stee! 

es, such as the punch 10 which comprises connecting the electrode 20 of 

electrie furnace to the holder for the punch, putting another electrode 

‘n econtaet with the end of the punch, passing a current between these 

trodes to heat the punch, and rotating the punch by means of the 


holder 15, so as to provide for uniform heating. When the desired tempera- 
has been reached, the current is cut off and the punch is quenched in 
suitable cooling medium, 


1,535,317, Process of Annealing Steel Sheets, Irvin John Koehnline, 
of Bridgeport, Ohio, and Samuel Peacock, of Wheeling, West Virginia. 

This patent relates to a process of annealing sheet steel, whereby, 
fter finishing in eold rolls, the sheets may be annealed at a temperature 
high enough to prevent Stead’s brittleness, without welding together and 
without detrimentally affecting the surface. According to the invention, 
the steel sheets are given a thin coating of calcium or magnesium 
hydroxide, as by spraying or dipping, and then stacked and annealed at 
‘round 800 degrees Cent. The use of hydroxide prevents welding of the 
plates, and also neutralizes to a certain extent acid used in the pickling 


| | 
atn 


Ror Ff 


1,535,549, Rust-Resistant Iron, Harry A. Schwartz, of Cleveland, Ohio, 
assignor, by mesne assignments, to National Malleable and Steel Castings 
Company, of Cleveland, Ohio, a corporation of Ohio. 


This patent deseribes a rust-resistant malleable iron casting contain- 
ing 0.15 per cent to 0.25 per cent of copper and having the usual percentage 
of carbon, manganese, silicon, and the like. Within these percentages, 
copper forms an alloy with the iron which greatly increases its rust-resisting 


properties. If in excess of 0.25 per cent free copper remains in the casting 


which sets up an electrolytic action with the iron, which results in more 
rapid rusting, than would be the case if no copper was added. 
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1,536,028, Method of Making Strip Sheets, Harry M. N: 
Arthur J. Townsend, of Canton, Ohio. 

This patent relates to a method of finishing sheet steel or st 
after the cold rolling operation. 

The inventors say that the ordinary box annealing is unsatisfactor, 
because it results in over-annealing of the outer portions of the sheets 
the production of a grain growth; which destroys the ductility 
formity of the mass. They therefore use an open and continuous 
method for the individual sheets, passing them through a tunn: 
to a temperature of about 1200 to 1400 degrees Fahr. in a cyele of 4 
or less. 


1,536,416, Steel-Hardening Process, Richord Bischoff, of Dusseldor; 
Germany. 


igle and 


3 an 
nd uni 
inealing 
| heated 


Minutes 


This patent relates to a process of hardening parts of shafts, syh 
jected to most wear, such as journal bearings, crank shafts and the lik, 

According to the invention, the shaft is rapidly rotated between th, 
points of a lathe, and the part to be hardened is heated by the jet flam 
of a welding burner to a hardened heat of about 800 degrees Cent 
jet is then withdrawn, and the shaft is kept in rotation until 
the air. 

1,536,438, Annealing Box, Irving John Koehnline, of Bridgeport, and 
William Earl Armstrong, of Martins Ferry, Ohio. . 

This patent relates to an annealing box, comprising a bas plate 
having legs 4 and having a groove 2 around the edges thereof into whic! 


the bottom of the box 5 may fit and be closed with a sand seal. The ho 
has an arched top 5* and a rim 8 and ledge 9 around the top. The rim an 
ledge are used to support a sand or clay blanket over the top of the box, 
which protects the same from heat and from any impinging flames. ‘Suit 
able lugs 10 and 11 are provided for handling the box. 

1,536,653, Method of Making Silicon Steel, Vere B. Brown, of Bracken- 
ridge, Pennsylvania. 


This patent relates to a methed of making silicon steel containing 
manganese, which comprises reducing the manganese from manganese 0M 
in the ladle, without the use of ferro-manganese or other manganese alloys 
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which tend to imerease the carbon content of the finished steel. The 
manganese ore is used in excess of the theoretical amount necessary to 
vive the desired manganese content. It is preferable to mix a small 
caaeien of fluorspar with the manganese ore before it is added to the 
ladle to promote fluxing out of the free manganese oxide. 


1.536,655, Method of Manufacturing Steel Sheets, Vere B. Brown, of 
Brackenridge, Pennsylvania, assignor to Valley Holding Corporation, of 
Brackenridge, Pennsylvania, a corporation of Pennsylvania. 


This patent relates to the production of sheet steel for automobile and 
other stamping use, which is free from Stead’s brittleness, and uses the fol 
lowing process: Sheet bars of the proper thickness are heated to rolling 
temperature and rolled to approximately 60 per cent of the length of the 
sheets required, They are then annealed, pickled to remove the scale, and 
cold rolled to an extent necessary to eliminate all superficial surface defects 
formed during the hot rolling. The sheets, after this cold rolling step, are 
matched, heated to a temperature suitable for rolling but low enough to 
avoid scaling, and then rolled to the length required. The second hot rolling 
step is carried on in a mill having highly polished smooth rolls, and since 
the surface of the plate is free from the usual defects due to the final hot 
rolling, it is not necessary to cold roll in the finishing operation. The omis- 
sion of the cold rolling at the finishing operation avoids the occurrence of 
Stead’s brittleness, 


1,536,663, Method of Manufacturing Steel Sheets, Otto Herron Cunning- 
ham, of Brackenridge, Pennsylvania, assignor to Valley Holding Corpora- 
tion, of Brackenridge, Pennsylvania, a corporation of Pennsylvania. 


This patent relates to a method of manufacturing sheet steel for the 
uutomobile and metal furniture trades, and other fields in which there will 
be incurred diffieult stamping operations. 

lt is the object of the invention to avoid the phenomenon know as 
‘‘Stead’s brittleness’’, which often occurs when sheets have been finished 
by cold rolling and annealed at a low temperature. According to the 
usual practice, these sheets are rolled from bars to approximately the final 
length by hot rolling, annealed, pickled to remove the seale, cold rolled 
to get the desired finish without any substantial reduction in thickness, and 
subsequently re-annealed at a low temperature. The low temperature 
anneal is necessary to preserve the smooth finish and to prevent welding 
of the plates together in the box if annealed at normalizing temperatures. 
Various researches have shown that if low carbon steel is subjected to cold 
roll reduction, Stead’s brittleness will not occur, even though the steel is 
annealed at a temperature below the normalizing temperature. The present 
inventor, therefore, hot rolls the bars to a length at least 10 per cent_less and 
a thickness at least 10 per cent greater than that required in the final 
product, anneals, pickles, and then reduces the sheets at least 10 per cent in 
the cold rolling, then anneals at a low temperature, producing a sheet 
having the desired finish without Stead’s brittleness. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


DESIGNING THE PICKLING DEPARTMENT FOR ECONO\y 
MAINTENANCE, By C. A. Crawford, International Nickel Co., Ne, 
City, in Jron Trade Review, April 9, 1925. 

The above is the second of a series of three articles dealing with pi kling 
practice and equipment. This article states that in tank construction, rods 
should be acid resistant; also the size of the thread is important. An in 
proved method of bolting plungers and partitions is also described. 


THE PRINCIPLES OF DIE-CASTING. By H. C. Skinner, gene 
manager, Franklin Die-Casting Corp., Syracuse, N. Y., in American Machinist 
April 9, 1925. 

This is the fifth and coneluding article on this subject, and deals wit 
the use of inserts in die-casting; methods of constructing. Examples 
castings made with inserts successfully employed are given. 


MAKING HIGH SPEED TWIST DRILLS. By Avery E. Granville, i1 
Canadian Machinery, April 16, 1925. 

This article describes the manufacture of the drill from the bar stoc! 
A number of- illustrations of the process of manufacture are included 


PEEP INTO CUPOLA WHEN MELTING STEEL. By J. Grennan, 
instructor in foundry practice, University of Michigan, Ann Arbor, Mi 
in the Foundry, April 15, 1925, page 314. 


This article was presented at the Milwaukee convention of the American 


Foundrymen’s Association and give the results of experiments conducted at 
the University of Michigan, on this phase of melting and what actually ha| 
pens when steel is melted in a cupola. 


GAS TAKES CHARGE OF HEATING IN THE RAILROAD SHOP. 
By J. H. Gumz, Pacific Gas and Electric Company, in Gas Age-Record, Apn! 


18, 1925, page 571. 


This article tells the story of one railroad where the use of gas lias bee! 


instrumental in effecting the postwar operating conditions, and states that im 
proved methods and new processes in the shops has been one of the man) 
things that has brought about this rejuvenation. Interesting cost data 10! 
various processes is given. 
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MAKING HARD MANGANESE STEEL. By Hubert 
Hermann Meixner, in the Foundry, April 15, 1925, page 323. 
The above article states tha: hardness and dependability of the steel is 
ntingent upon the manganese content; also the loss of oxidation is reduced 
hen ferrromanganese in the molten state is added. 


Hermanns and 


Thick wall castings are 
discussed. 


5 
justrial engineering department, General Electric Co., Schenectady, N. Y., in 
, dge, Mareh 12, 1925, page 763. 


CLOSER ELECTRODE CONTROL. By H. R. Crago and J. A. Seede, 


The authors of this article describe a new automatie device for electric 
re furnaces which embodies all the desirable features of the old type in ad- 
ition to several new features which are incorporated to make the control 
oser and more flexible, also to make the operation simpler from the stand- 
oint of the operator, 


HARDNESS NUMBERS AND THEIR RELATION. 7 se, m.. P. 
Holluagel, department of physics, General Electric Co., Lynn, Mass. 
ive, March 12, 1925, page 770. 


, in Iron 


The first half of this article was published in the November 27, 1924, 
ssue of Iron Age, and reviewed the ideal physical state of metals. In this 
yortion the author states that it is believed that to ascertain satisfactory rela 
tions between hardness numbers from a physical standpoint, they must be re- 
wed to a common language, that is, work per unit volume per unit strain. 
he problem is not how to make a new device or obtain new nomenclature 
it how physically to aseertain the quantities necessary to establish correla- 
tions precisely. This does not in any way prevent the continuation of the 
resent use of hardness measuring devices more particularly as they are often 


sed for specific purposes, that is, in the measuring of specification numbers. 


PREFERS ELECTROLYTIC ETCHING FOR METALS. By Frank Ad- 
wk, in Foundry, Mareh 15, 1925. 

This paper was presented at a meeting of the British Institute of Metals, 
irmingham, England, and states that many reagents applied to the polished 
surface of cold metals produce irregular etchings which lead to confusion in 
etallurgical investigations. It points out the results of etching solutions of 


ite acid and ammonium molybdate on different metals. The electrolytic 
process of etching was found to give close regularity and rather uniform re- 


ts, 


OPERATING EXPERIENCES IN PULVERIZED FUEL. In Mechan- 
al Engineering, Vol. 47, No. 4, 1925, page 271. 

\t the joint meeting of the Cleveland Engineering Society and the Cleve- 
‘id sections of the American Society of Heating and Ventilating Engineers 
ud the American Society of Mechanical Engineers, held in Cleveland in 
vanuary, 1925, John Wolff presented a paper on ‘‘Pulverized Coal in Large 
boilers.’’ In connection with this paper, P. W. Thompson, chief assistant 
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June 
engineer, power plant, Detroit Edison Co., and E. H. Tenney, chi. 
power plants, Union Electric Light and Power Company, present: 
discussions on operating experiences with their companies’ plants. 


engl heer. 


extended 


PROPERTIES OF MATTER UNDER HIGH PRESSURE. 
3ridgman, professor of physics, Harvard University, in Mechanica 
ing, Vol. 47, No. 3, 1925, page 161. 


By P, W. 
I: dines 


The above paper was a lecture delivered at the annual meeting of +, 
American Society of Mechanical Engineers, New York, December, 1924, 4), 
gives the results observed when using hydrostatic pressures of the orde 
several hundred thousand pounds per square inch. The methods of packing 
and of measuring pressures are discussed, as well as conditions under whje) 
materials rupture under high pressure. 


+ 
( 


HARDNESS TESTERS. In Mechanical Engineering, Vol. 47, No. 5 
1925, page 282. 

At the recent annual meeting of the American Society of Mechanical 
Engineers, a session was devoted to research in machine design and operatic: 
under the auspices of the research committee on cutting and forming of 
metals, at which B. H. Blood, general manager, Pratt and Whitney, Hartford, 
and chairman of the committee, presided. J. O. Keller, professor of industrial 
engineering, Pennsylvania State College, presented a paper entitled, ‘ 
parison of Herbert Pendulum Hardness Tester with Other Hardness Testers, 
in which he described the Herbert hardness tester and a set of tests made 
with it and other testers by which comparative results had been obtained and 
analyzed. J. K. Woo, consulting engineer of New York, and chairman of tl 
special research committee on metal springs, also presented a_ preliminary 
progress report of the committee. O. W. Boston, assistant professor of sho; 
practice, aéting director of shops at the University of Michigan, made a brit 
report On research work in the cutting of metals. He spoke of having visited 
the laboratories of Professor Coker at the University College at London 
Professor Coker has done some very creditable work in cutting nitrocellulose 
with a glass tool, examining the material being cut as well as the tool with 
polarized light, and determining the stresses. He claimed that the results of 
his experiments were applicable to steel and cast iron because these metals, 
like nitrocellulose, had uniform values of heating below the elastic limt 
This, however, was a question yet to be proved, because it was known that 
the formation of a chip was a result of stress beyond the elastic limit, an 
whether steel and nitrocellulose were similar beyond the elastic limit is stl! 
to be determined. 
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News of the Chapters 


STANDING OF THE CHAPTERS 


\ the May issue of TRANSACTIONS appeared the relative membership stand 
y of the 29 chapters of the Society as of March 1, 1925, and as of April 
The tabulation which appears below shows the relative membership 

sanding of the chapters on April 1, 1925, and on May 1, 1925. 


Standing as of May 1 


GROUP I GROUP II GROUP III 
|. DETROIT (298) . Hartford (127) . Tri City (68) 
Cleveland (297) 2. Lehigh Valley (108) 2. Rochester (62) 
Pittsburgh (275) 3. Golden Gate (102) 3. Los Angeles (60) 
{ Chicago (266) . CINCINNATI (74) . WASHINGTON (52) 
5. Philadelphia (255) 5. Milwaukee 5. New Haven 
6. Boston (229) ). Syracuse 5. SCHENECTADY 
New York (209) . ST. LOUIS 7. Worcester 
Indianapolis 8. Rockford 
. Buffalo 9. Providence 
. Northwest . Springfield 
. TORONTO 
2. South Bend 


Standing as of April 1 


GROUP I GROUP Il GROUP III 
Cleveland (295) . Hartford (127) . Tri City (66) 

. Detroit (288) 2. Lehigh Valley (111) 2. ROCHESTER (62) 
. Pittsburgh (272) 3. Golden Gate (102) 3. Los Angeles (56) 
+, Chicago (266) . Milwaukee (74) . New Haven (52) 
). Philadelphia (251) 5. Cineinnati (73) ». Washington (50) 
. Boston (228) ». Syracuse 3. Worcester 
i. New York (206) 7. Indianapolis (28) . Schenectady 

. St. Louis 8. Rockford 

9. Buffalo 9. Providence 

. North West 10. SPRINGFIELD 
11. South Bend 
12. Toronto 


Group I. Congratulations to Detroit! This progressive chapter again 
the group, and becomes the largest chapter in the Society. While the 
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Cincinnati 
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BOSTON CHAPTER 








THE A. 





one, nevertheless, that was suffici: 
them in position 1, and it is now a contest between Al Grinnell, 
the Detroit chapter membership committee and his faithful work 
Emmons, chairman of the Cleveland chapter membership committ. 
With the exception of the first two, the other chapt 
practically in the same position, although Philadelphia and Pittsburg 
had 7 new members while New York came along with 5. 

This group remains as in the last month’s report, 
forges ahead of 
Indianapolis, 


reinstated added to the 
However, on the month the Society showed a net gain , 
but 19, 21 having resigned and 53 were dropped for non-payment of dy 


This cut down rather heavily on some of the chapters in all of the groups, a) 


the meeting was called to order and R. 
physicist and chief of the magnetic laboratory, Bureau of Standards, Was! 
ington, D. C., delivered an extremely interesting talk on the subject 
illustrated with the lantern slides. 
in the most understandable manner, the principle of the magnetic ph 
nomenon, its action on steel and its relation and effects to the change u 
He then illustrated with lantern slides, and dis 
cussed the work that had already been done towards getting together th 
necessary information required to make use of this valuable method 


Mr. Sanford pointed out that it was a matter of securing & 
tremendous 


method 








io ] 


with 


CXCePT that 


Milwaukee, and St. Louis changes places 


This group had three changes, Washington advancing f; 
fifth to fourth place, Schenectady from seventh to sixth, while Toronto mo 
from twelfth to eleventh position. 


rolls of 


1 tendency to decrease greatly what otherwise might have been 4 
desirable and creditable gain. 


HE April meeting of the Boston chapter of the American Society fo 
Steel Treating was held Thursday evening, April 23, 
Walker Memorial Building of the Massachusetts Institute of 
Cambridge. 


1925, at 
Technolog 
The meeting was preceded by an excellent supper with a rath 
small attendance, probably due to the exceptionally fine spring weather 

At 7:30 p. m. 


santord, 


usable to 
general public, comparing the amount of work necessary to that required 1 
tie development of such an art as chemistry. In other words, the results 
obtained so far have thoroughly proven the possibility of the method bul 
that the interpretation of the results depended upon a great deal of é! 


mentary experiments and hard work. 


A very interesting discussion followed and the meeting was closed w!! 
a vote of thanks to Mr. Sanford in an expression of our appreciation of t 
amount of work that has been done on this method of testing. 


Preceding the principal speaker of the evening, there was a short bus! 
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ting and the secretary read the nominations for officers to be 

the May meeting and also called the attention of the members 

, Sectional Meeting at Schenectady May 28, 29 and 30. 3S. W. Parker, 

airman of the program committee, outlined the plans for our June outing 

nich we hope will be held at Pemberton on the shore and will include a 
ride with shore dinner and athletic sports. G. S. Davis. 


| ‘ 
Ou 


Meeting: May 22, Walworth Manufacturing Company. 
Subject: ‘*Giving Steel Tools a Chance,’’—F. R. Palmer, Carpenter 
Reading, Pa. 


\leeting to be reported in the next issue of TRANSACTIONS. 


BUFFALO CHAPTER 


The April meeting of the Buffalo chapter was held April 27, 1925, at the 
Hotel Buffalo. The meeting was called to order by Mr. Armstrong. No 
business of the Society was put before the chairman so the speaker was 
ntroduced at once. 

Professor H. M. Boylston of the Case School of Applied Science was the 
speaker for the evening, and he chose as his subject ‘‘The Historicai Features 

the Iron and Steel Industry.’’ The lecture was illustrated by a large 

mber of slides, 

One very important fact brought out during the evening was that iron 
s one of the oldest metals to be used by man. The principal part of the 
ecture was the illustrating of the manufacture of iron from the beginning to 
the present time, 


\bout forty members and guests were present. 


CHICAGO CHAPTER 


The last regular meeting of the year, held May 14 at Ryerson Physics 
Laboratory, University of Chicago, was featured by Dr. H. B. Lemon speak- 
ng on the Past, Present, and Future of the Science of Physics. 


The attention accorded the unusually interesting and appealing speaker 
bespoke the interest of a record attendance at this meeting as regards fun 
lamental sciences. 

Dr. Lemon pointed out the potent fact that the twentieth century is the 

il test of science and predicted, in the words of his chief, Dr. Michaelson, 
that the future of physics was to be found in the fourth and fifth decimal 
places. He emphasized the point that the only theory that had weathered 
the test of this century so far was the kinetic theory of heat which, if any- 
thing, had been reenforeed and entrenched. 

The latter part of his talk, which was illustrated by moving pictures and 
actual laboratory experiments, was devoted to speculation in the field of 
physies and to philosophical discussion. 

It is the proper appreciation of the importance of fundamentals that is 
eading this ehapter to dwell more and more on this type of program. 

\t this meeting the following men were elected as officers of the chapter 
for the ensuing year: 
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Chairman—Robert G. Guthrie, metallurgist, Peoples Gas Lig! 
Co., 122 South Michigan Avenue, Chicago. 

Vice-Chairman—E. J. Janitzy, metallurgical engineer, Illinois ; 
pany, South Chicago, Illinois. 

Secretary-Treasurer—Arthur G. Henry, sales engineer, Perf, 
Hardening Co., 1742 West Austin Avenue, Chicago. 

Members of the Executive Committee—C. L. Colwell, me lurgist 
Stewart-Warner Corporation, 4535 Fullerton Ave., Chicago. W. A. Edwards 
district manager Ludlum Steel Co., 1238 W. Washington Blvd. Chikiees 
Wm. Finkl, metallurgist, A. Fink] & Sons Co., 1326 Cortland Street, Chicacy 
David Levinger, superintendent of development, Western Electric (o. Haw. 
thorne Station, Chicago. R. R. Smith, sales metallurgist, United Alloy Sto.) 
Co., Room 1440, Strauss Bldg., Michigan Avenue, Chicago. 

The chapter’s annual outing will be held June 13 at Dixmoor Golf (\) 
The picnié will be opened at 2 o’clock with the traditional chicken dinne 
The afternoon and early evening will be replete with an absorbing program 
featured by many prize-winning contests. A golf tournament has 
arranged as an added attraction to those interested. There will be 
some $250.00 worth of prizes awarded. 


been 


in al 


CINCINNATI CHAPTER 


Meeting: May 22, Literary Club Rooms. 

Subject: ‘‘The Manufacture and Properties of Malleable Cast Iron,’’ 
H. A. Sehwartz, manager of metallurgical research, National Malleable & 
Steel Castings Co., Cleveland. 

Meeting to be reported in the next issue of TRANSACTIONS. 


CLEVELAND CHAPTER 


Col. A. E. White, Director of Engineering Research, University « 
Michigan, was the speaker at the regular monthly meeting of (levelan 
chapter, which was held in the ball room of Hotel Winton on Friday even 
ing, May 15, 1925. 

Colonel White’s subject was ‘‘The Malleablizing of White Jron’’ ani 
the paper presented was based on the report of an investigation conducted 
at the University of Michigan and made possible by the Detroit Edison Co 
and the Saginaw Malleable Iron Co. 

After covering briefly the manufacture, properties and structural con 
stitution of malleable iron, the speaker described and summarized the 
research work which had been done. This chiefly concerned thie effects 
of varying times, temperatures and cooling rates during the annealing 
process used in the manufacture of the malleable iron castings. 

Many charts and micrographs were used in illustration. The speaker 
stated that the facts brought out through this research were probably a! 
ready well known by manufacturers of malleable iron, but that the work 
done was nevertheless of considerable value as giving the results of 3 
carefully condueted scientific investigation. 

The summary of Colonel White’s paper is as follows: 
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(he time required to produce equilibrium in iron carbon alloys 
¢ the composition commonly used in making malleable cast iron varies 
tom less than 4 hours at 1800 degrees Fahr., with high silicon alloys to 
005 hours at 1400 degrees Fahr., for medium silicon alloys and longer for 
ne silicon alloys. 

[he eombined carbon for equilibrium conditions varies from 
190-1.25 per cent at 1800 degrees Fahr., to 0.47-0.50 per cent at 1400 
legrees Fahr., and is but slightly affected by the ordinary variations in 
silicon. 

(3) The maximum cooling rate compatible with the successive main- 
tenance of equilibrium was found to be 28 degrees Fahr., per hour for the 
lower cooling range (1500-1300 degrees Fahr.,) for 0.90 per cent silicon 
loys and faster for the upper temperature ranges. For an 0.82 per cent 
silicon alloy, the rate varies from 25-30 degrees Fahr., at 1700-1600 degrees 
Fabr., down to 5-8 degrees Fahr., for 1400-1300 degrees Fahr. 

The attendance at this meeting was about 60 and about 20 were present 


at the dinner which preceded it. A. S. Townsend. 


DETROIT CHAPTER 


Meeting: May 16, Ann Arbor, Mich. 

Subject: ‘* War Experiences,’’—Hugh Cabot, Dean of the Medical 
School; and ‘*Some Phases of the Iron and Steel Industry,’’—W. W. 
\acon, managing editor of Iron Age. 

Meeting to be reported in the next issue of TRANSACTIONS. 


GOLDEN GATE CHAPTER 


No report received 


HARTFORD CHAPTER 


At the meeting of the Hartford Chapter in the Hartford Engineers’ 
lub Room on May 12, 1925, the following officers were elected: B.S. Lewis, 
chairman; R. W. Woodward, vice-chairman; E. D. Lambert, secretary-treas- 
rer. Executive Committee: L. A. Lanning, R. F. V. Stanton, W. D. Fuller, 
W. T. DeWalt, C. W. Atwood. 

W. E. Day, Jr., of the International Motor Co., New Brunswick, N. J., 
tread a paper on ‘‘Carburization by Solid Cements.’’ 

The paper stated that the irregularities commonly encountered in com 
mercial carburizing are due to empirical methods and lack of knowledge of 
the nature of the process. Consistency in results may be obtained by a study 
of the mechanism of carburizing and application of the findings to common 


practice, 


From elaborate experiments the author has reduced the carburizing con- 
litions to three groups—those which form proper gases, those governing the 
‘olution of earbon and those controlling diffusion of carbon. 


Each of these groups may be studied separately and their individual and 
joint effects recorded. 


8 
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A number of experiments are described in the paper and ar: 
with charts and photomicrographs. 


All the theoretical work is shown to have practical applicatio 
paratively simple tests are outlined which may be applied to 
work. A number of the features of carburizing which require w 
sideration are called to attention. 


MmMereig 


Sua] 


In the discussion following the paper, Mr. Day was able from his expo, 
ence to give very definite opinions on many questions asked about parti, 
features of carburizing. 


F. G. Hughes of the New Departure Mfg. Co. and one of the Nations 
A. 8. 8. T. directors told the chapter something of the way tl, 
society is being run and of plans for the future. He drew a comparisor 
to ease hardened steel of the core of everyday common sense, intelligent }y: 
non-technical heat treatment and the refined case of highly trained and gp, 
cialized theoretical work of the laboratory, both case and core being nee 
sary and requiring proper treatment to secure best results. 

The total attendance was 87, including 39 members and 48 guests. 


nations 


It has not been customary in this chapter to keep any formal! minutes 
of the proceedings of the chapter or of the executive committee. 


We have held monthly meetings since September, 1924, and the averag 
attendance as shown by the cards turned in is about 90, of which 35 
members and 55 guests. 


The general topics presented in the form of papers were: September, 
‘*Grinding,’’ C. H. Norton and H. W. Wagner; October, ‘‘ X-ray Testing 
of Metals,’’ General T. C. Dickson; November, ‘‘Commercial Heat Treating,’ 
Z. I Sault; December, ‘‘Trend in Heat Treating Apparatus,’’ F. J. Rya 
and E. L. Wilson; January, ‘‘Steel for Small Tools,’’ A. H. d’Arcamba! 
February, ‘‘Tool Steel Troubles,’’ F. R. Palmer; March, ‘‘ Heat Treating 
and Our Society,’’ W. S. Bidle and W. H. Eisenman; April, ‘‘ Malleabl 
Iron,’’ W. R. Bean. These meetings were held in the Hartford Engineers’ 
Club rooms, with the exception of the November and December mectings, 
which were held in the Hartford Electric Light Co. auditorium. 


For several years the Hartford chapter has made a practice of distributing 
prizes at the close of each meeting, the recipients being selected by drawing 
from cards which each member of the audience has been requested to fill i 
with his name and address. This year, three prizes having a value of abou 
$2.00 each, were given at every meeting. 


In this way we secure a good registration of all members and quests 
for our mailing list, and this practice also keeps certain members of th 
audience from leaving before the end of the meeting. Such early leaving 
disturbs the speaker and distracts the attention of the entire audience. 


In June of last year this chapter had 135 members, but this has droppt: 
slightly to 127. ; 


The executive committee has held monthly meetings to plan the work 0! 
* 
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nter and the various sub-committees have done valuable work. The 
n eommittee in particular have performed important and difficult 
E. D. Lambert. 
INDIANAPOLIS CHAPTER 


May meeting of the Indianoplis chapter of the Society held on 
was well attended. Dinner was served at the Y. M. ©. A. at 6:30 


ind the meeting was called to order by the chairman at 7:30 p. m,. 


rhe first business was the report of the Nominating Committee. The 
\ominating Committee consisted of H. B. Northrup, chairman, J. Jones and 
( A. Edwards. As a result of the recommendations of this committee 
Wm. G. Praed, Link Belt Company, was elected chairman, C. A. Edwards, 
herty Building, vice chairman, and C. H. Beach, 1403 Merchants Bank 
lding, secretary-treasurer. The executive committee elected consists 
f the following members: W. L. Appel, John Jones, Axel Weydell and FE. 
Roch. The Auditing Committee was appointed to audit the books of the 
retary-treasurer. After the business meeting a round table discussion 
was held, many questions being answered. H. A. Maves. 


LEHIGH VALLEY CHAPTER 


No report received 


LOS ANGELES CHAPTER 
Meeting: May 6, Westinghouse Electric & Manufacturing Company. 
Subject: ‘* Refractories,’’—E. H. Blausen, Johns-Manville Company. 
Meeting to be reported in the next issue of TRANSACTIONS. 


MILWAUKEE CHAPTER 


No report received 


NEW HAVEN CHAPTER 
Meeting: May 22, Winchester Club House. 
Subject: ‘*‘High Speed Steel,’’—J. P. Gill, metallurgist, Vanadium Al- 
vs Steel Company. 


Meeting to be reported in the next issue of TRANSACTIONS. 


NEW YORK CHAPTER 


J. H. Hall, metallurgist with the Taylor-Wharton Iron and Steel Company 
gave a very interesting talk on Wednesday, May 20th, before the New York 
hapter of the American Society for Steel Treating. In this talk Mr. Halt 
lealt briefly but quite completely with each part of the subject. 

The Taylor-Wharton Iron and Steel Company was founded about 1760, 
and is about the oldest company doing business today upon the continent of 
North America with the exception of the Hudson Bay Company. During this 
complete period they have been manufacturers of iron and steel. Mr. Hall 
believes that manganese steel was discovered by Mr. Mushet and co-workers 
When experimenting with Bessemer steel. Bessemer steel up to that time had 
ork of veen practically a failure since it did not possess suitable working qualities, 


FOP 
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June 


and this was remedied by the addition of sufficient amounts of 1 


lganese 

which average around 2 per cent. Since 2 per cent manganese was aa ts 

give such desirable properties, Hadfield decided to determine the offey 

greater amounts of manganese, and made steels, which contain as hivh as 5 

per cent. The present manganese steel, known as Hadfield’s cont:ins froy 
1 to 1.40 per cent carbon, and 11 to 14 per cent mangenese. 

It was found that the manganese steel did not respond to heat treatmen 


in a manner similar to ordinary steel, and was quite brittle in the cast cop. 
dition. It is claimed that the heat treatment was discovered by accident when 
some worker threw a piece of red hot manganese steel in cold water and upon 
later examination found it to have been materially toughened by this treat 
ment. The proper treatment consists of heating to 1940 degrees Fabr, (109 
degrees Cent.) and quenching in cold water. It is necessary to quench from 
above 1650 degrees Fahr. (900 degrees Cent.) to keep the steel entirely 
austenitic. If quenched below 1650 degrees Fahr. (900 degrees Cent.) part 
of the austenite changes into martensite. It is necessary to heat at a temper 
ature of 1940 degrees Fahr. (1060 degrees Cent.) to ensure complete solution 
of all of the cementite. Heat treated material has a Brinell hardness ranging 
from 180 to 200 with a tensile strength of 70,000 to 100,000 pounds per squar 
inch, with an elongation in 2 inches of 15 to 20 per cent. Th 
limit was placed at around 30,000 pounds per square inch, 
is impossible, due to the nature of the steel, to obtain a drop of 
the beam and the stress strain diagram gives a continuous curve without a 
break which makes it difficult to obtain the elastic limit in this manner. It 
was stated that a large amount of experimental work would be put in during 
the coming year in determining the true elastic limit. A marked differen 
in properties is obtained due to the casting temperature. Material which is 
cast hot has a large columnar structure, while that cast on the cold side is ver 
fine grained. It was stated that there would be a difference in tensile strength 
of 15,000 pounds per square inch between the metal cast cold and that cast 
hot. It is for this reason that the design of manganese castings is very im 


portant and should be taken up with the manufacturer before any definite 
decisions.in design are made. 


elastic 


but it 


Although manganese steel is very tough and has high tensile values it 
exhibits very poor resistance to fatigue. Fatigues stresses cause cold work 
ing, and thus hardening of the outer fibers which break and so cause fatigue 
failure. It is very difficult to machine manganese steel and although it can b 
done it is very expensive and at the present time is not a commercial operation. 
All finishing has to be done by grinding. 


Manganese steel has the unique and valuable property of becoming very 
hard when cold-worked. The outer layers which are the most severely worked 
become extremely hard and resistant to abrasive action, and being backed up 
by a very tough core gives it valuable shock and abrasive resisting powers. 
The limiting feature, however, is the fact that it must be used in connections 
where there are both cold work and abrasions. Abrasion without cold work 
causes the material to wear away rapidly due to lack of hardening, and col’ 
work without abrasion causes the material to grow or spread out. 
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ral of the important uses were stated, such as frogs for railway work, 
ind points for steam shovels, jaw crushers and the like. In cases where there 
‘; both cold work and abrasion manganese steel generally out-lives ordinary 
steel 15 to 1. 

Many interesting cases were cited for both favorable and unfavorable 
working conditions. One of the most interesting was the failure of manganese 
steel to make a satisfactory car wheel, and it was for this purpose that the 
se of manganese steel was first introduced into this country. The failure 
was due to the faet that the tire which obtains a large amount of cold work 
but no abrasion becomes hard and spreads out gradually until it fins. The 
dange of the wheel is subjected to a great deal of abrasive action especially 
upon curves, but it receives very little cold work and for this reason quickly 
vears way. 

Following his talk, Mr. Hall showed a motion picture of a very success 
ful application for manganese steel for treads on caterpillar tractors. Many 
interesting questions were asked following the meeting concerning the theory 
for the hardening of the steel due to cold work which Mr. Hall stated was not 
jefinitely known at this time, but was thought to be due to the formation 
of martensite. The forging qualities were discussed and manganese steel can 
be forged readily providing very light reduction is made at a temperature 
of about 1832 degrees Fahr. (1000 degrees Cent.) for the first 10 or 15 per cent 
and then it ean be reduced at a more drastic rate, but the heating should not 
exceed 2100 degrees Fahr. (1150 degrees Cent.) since above this temperature 
manganese steel is easily burned, and heat treatment will not return it to its 
riginal condition, 

An interesting point brought out by Mr. Hall was the fact that equally 
is good steel could be made by the bottom blown Bessemer convertor as by the 
electric furnace. In fact, they obtained little or no difference in their quality. 
They have two convertors and one electric furnace in their plant, the electric 
furnace being used entirely for remelting scrap. He stated that the Taylor- 
Wharton Company manufactured one-third of the manganese steel in this 
ountry. 

A large turn-out was present to hear this exceptionally well presented 
paper. S. M. Norwood. 
NORTHWEST CHAPTER 


The annual meeting of the Northwest chapter was held at the Manu- 
facturers Club of Minneapolis on May 12th with about thirty members 
present, 

The report of the nominating committee was unanimously accepted 
the officers eleeted for the coming year are as follows: 


Chairman, W. I. Sweet 
Vice-Cairman, Norman Conn 
Secretary-Treasurer, Alexis Caswell 
Executive Committee, 
H. Kenneth Briggs, IF. G. Lilygreen, 
C. M. Hope, Sidney J. Pfaff, 
G. C. Priester. 
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The membership voted that the Manufacturers Club of Mi 


be sincerely thanked for the hearty cooperation in the use of the 
and office staff. 


heap 





At the close of the business session R. D. Malm, sales manager o{ 
Lincoln Electric Company of Cleveland, Ohio, gave a most interesiing 
on electric welding. He explained why the carbon electrode would ena), 
a greater penetration in welding steel and how the electrode could be ke: 
from carburizing the work. The well-known phenomenon that the posit; 
terminal of the D. C. are has two-thirds of the heat energy while the 1 
tive terminal has the remainder is taken advantage of in welding. | 
welding steel products the work is made the positive terminal, while j 
welding malleable iron, aluminum, manganese steel, and stellite 
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the work is made the negative terminal to prevent overheating. 





Three very important points were emphasized and are as follows 

(1) Equal reinforcing of weld: In welding plates it is much } 
to trim the plates on each side so as to form an X rather than on one sii 
to form a V. With the same angles in both cases the X will require on\ 
about one-half the welding rod and wil! make a stronger weld because 
will not distort the neutral axis of the piece. 

(2) The minimum amount of metal should be filled in 
the molten metal contracts it will have the minimum strain 

(3) Compensation for contraction: Strains are largely eliminate 
the welding of a seam by first laying out the work in equal sections an 
welding the first section to the right from the zero line, then starting « 
the second division line and welding to the left, then starting on the thir 
section division line, and so on, always working to the left. Peening wi 
also eliminate strain where work cannoi be pre-heated. Welding 
diagonal to the line of service stress will produce a higher strength well 

If cast iron and malleable cast iron parts are to be welded and 
be machinable, the work should be preheated or else annealed afterw: 
to eliminate the white iron areas. When cast iron work cannot be 
heated, it is best to drill in along the sides of the V-notch and weld aroun 
steel studs previously tapped in and then proceed in a normal manner. 

Bronze and monel metal rods work very well on cast iron and malleabli 
iron, but the weld is not as strong in tension. Advantages seem to b 
with covered welding rods for most purposes on account of a more quiet al 
which will also carry somewhat greater amperages. 
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At the close of the meeting Mr. Malm was given a rising vote 0! 
thanks. R. L. Dowdell. 










The North West chapter of the American Society for Steel Treating has 
just completed its second successful year in conducting a University lxtension 
Course in Metallography and the Heat Treatment of Iron and Steel. This 
course is being conducted by Dr. O. E. Harder, professor of metallograply, 
University of Minnesota, under the auspices of the chapter. This course la 
been divided into 16 lessons and laboratory periods, meeting at 7:30 P. M. 
About one hour has been devoted to the lecture period, followed by !aborato' 
practice. The schedule for the year just completed is as follows: 
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INTRODUCTION—Outline of the development of metal- 
lography and heat treatment and their importance in 
modern industry. 












PyROMETRY—Principles of important types of py 
rometers and the methods used in their standardization. 
Laboratory—Standardization of thermocouple. 





TyPEs oF ALLOY SySTEMS. 
Laboratory—Thermal analysis of a typical alloy and 


easting of specimens for examination. 





LECTURE ON SELECTION AND PREPARATION OF SPECI- 
MENS FOR MICROSCOPIC EXAMINATION. 


Laboratory—Poiishing, etching and examining speci- 









mens of metals and alloys. ; 






LECTURE ON METALLURGICAL MICROSCOPES AND THE 








PREPARATION OF PHOTOMICROGRAPHS AND PHOTOMACRO 
GRAPHS. 








Laboratory—Microscopic examination of alloys and 
taking photomicrographs. 










LECTURE ON JRON-CARBON CONSTITUTION DIAGRAM. 
Laboratory—Printing photomicrographs. 





LECTURE ON 
TERMINATION BY THERMAL ANALYSIS AND THEIR APPLI 
CATION TO HEAT TREATING. 

Laboratory—Thermal analysis of samples of steels. 


CrITICAL PoINTs OF STEELS, THEIR DE 










“ON 8 NORMALIZING AND ANNEALING OF STEEL. 
Laboratory—Microseopie examination of annealed 


steels. 







HARDENING OF STEEL. 
Laboratory—Hardening samples of steels. 




















TEMPERING AND TOUGHENING OF STEELS. 
Laboratory — Tcmpering or drawing of hardened 


steels. 





CLASSIFICATIONS OF CARBON STEELS AND DISCUSSION 
oF THEIR USEs. 
Laboratory—ldentification of steels by means of the 
spark tests and by appearance of microstructure. 
12 _CARBURIZING OF STEELS. 
Laboratory—Microscopic examination of carburized 
steels. 





Herat TREATMENT OF CARBURIZED STEELS. 
Laboratory—Heat treatment of carburized speci- 
mens and examination of fractures. 
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LESSON 14 
LESSON 15 


LESSON 16 


The Philadelphia chapter had looked forward to hearing P. 
strong of the Ludlum Steel Co. talk on 
April 24, 1925, but illness prevented him from coming. 
T. Holland Nelson took over the job and made a great success of it 
naturally a good talker on almost any subject but give him something ¢| 
he knows so well like Stainless Steel and he is hard to beat. Hi. 
the different types 
and the applications of each. 


mending Stainless in order to be sure the work at hand was suite 


TRANSACTIONS OF THE A. 8. 8. T. 








Cast IRON AND Its HEAT TREATMENT. 





Laboratory 
as heat treated. 


Examination of cast iron 


STEEL CASTINGS AND THEIR HEAT Tr 
Laboratory—Heat treating steel casting 


exam 
tion of structures before and after heat tre 


High Sreep STEEL AND Its HEAT Tres 

Laboratory—Inspection tests of high s; 
microscopic examination of annealed, ha 
drawn specimens, 


ed ST ee 


ened 


PHILADELPHIA CHAPTER 


Rustless Iron, at its | 


‘ 
so our sood fy 


ar 





the high carbon low silicon, the low earbon-high si] 
He stressed the necessity of caution in re 


2 
i 


This is important as so often with a new type of steel, setbacks 


encountered because it is used in places for which it was never inten 
It was brought out that : 


a wide range of physicals could be obtained | 


that we should not and cannot expect to get high tensiles and elastics 
bined with the highest resistance to corrosion. 


An exceptional 


Continuing the practice of having two papers on an evening we listen 
to J. 


M. Watson metallurgist Hupp Motor Co., Detroit, tell about 


L. Collins, chairman of the membership committee, had th 


= 


provide some new members, the chapter would wind up the year wit! 


G. P. Bible, chairman of the nominating committee, presented @ 

of nominations for next year’s officers. This is being written before th 
. : nuhiishe 

results are known so that the new officer’s names will have to be published 


\. EB. An 


neethy 


3 dese! a 








Taken all in all, Mr. Nelso 
gave us one of the best papers we have had this year because it com! 
technical accuracy with practical facts clearly presented. 
active discussion followed. 


methods 6f heat treating alloy steel parts of automobiles. He told of th 
development from heavy straight earbon parts to lighter and stronger alloy 
steel parts which of necessity had to be heat treated. After his preliminary 
talk he showed motion pictures descriptive of these operations. These 


tures were taken by the Bureau of Mines cooperating with the Huy! 
Motor Co. 


A. 


pleasant job of notifying the chapter that if they did not get busy a 


deficit. The pervading gloom caused by this plea was pierced by ‘' Bill’ 

Kisenman, our genial and efficient National Secretary, who honored us ! 
c his unexpected presence. Bill always has a way of making you think ) 

troubles are not as bad as they might be. And at that we guess lhe is mgt 
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lass in heat treating and metallography, at Mr. Wiedemann’s in 
visited the plant of the Wiedemann Machine Co., 1815 Sedgley 
Monday evening, May 4th, to see various methods of heat tre 


ating 
it in a practical way. 


In spite of a rainy night more than 50 stu- 


ts attended. Mr, Wiedemann demonstrated the operations of hardening 


tempering tool steels, in gas furnaces, and oil baths, pack hardening, 
1 salt baths. Methods 
quenching thin strips, such as flat springs or knife blades, 
y, were illustrated. 


miding, and the hardening of high speed cutters i 
without warp 
\fter the demonstration during which nearly two hours passed very 
ckly, Mr. Wiedemann treated his guests to a hearty ‘‘ Dutch. Luneh’?’ in 
s machine shop, and this was followed by a lively round-table discussion 
The keynote was the application of in- 
igence, care and cOmmon sense in the practice of the tool hardener’s 
fhe evening was an ideal combination of pleasure 


f practical hardening problems. 
art. 


and study and will leave 
delible impression in the minds of all who were fortunate enough to 


rnere, 
The last chapter meeting for the year was held 


on Friday evening. 
This was a week earlier than usual due to the Spring Sectional 


eting an Memorial Day. It was thought wise to devote this last even 


r of the year to a thorough discussion of problems. Many of the mem 


rs had been participating in discussions all year and now they 


had a 
ince to go the limit, and it was a good thing because it brought out of 


se present considerable thought and expression that had 


evidently been 
ving dormant for some time, 


Arthur L. Collins. 


PITTSBURGH CHAPTER 


Room of’ 


The Pittsburgh chapter held its May meeting in the Assembly 
the Fort Pitt Hotel on the evening of the 5th. 


Through the courtesy of the Westinghouse Electric and Mfg. Co., three 


with elee- 


+ 
ng 


ion pictures were shown; the first showed the rolling of steel 
al power instead of steam; the second illustrated the 


progress and as- 
emblage of 


an order for the company’s product from raw material to its 


shipment; and the third compared former household methods with 


those of 
0 lay when 


a great variety of electrical appliances are in general use in the 
After the pictures, the annual chapter election was held and the follow- 
ng officers and directors were unanimously elected: 
President : 
O. B. MeMillen, Pittsburgh Rolls Corp. 
Vice-Preside nt: 
W. J. Priestly, Electro Metallurgical Sales Corp. 
Secretary and Treasurer: 
H. L. Walker, Jones & Laughlin Steel Corp. 
Directors: 
W. B. Crowe, Carnegie Steel Co. 
J 


s 


P. Gill, Vanadium Alloys Steel Co. 
L. Goodale, University of Pittsburgh. 
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B. T. 
C. M. Johnson, Crucible Steel Co. of America. 
W. I. MeInerney, Pittsburgh Crucible Steel Co. 
W. J. Merten, Westinghouse Electric and Mfg. Co. 
W. H. Phillips, R. D. Nuttall Co. 
Duray Smith, Union Spring and Mfg. Co. 

The new officers immediately assumed their duties and, afte; 
dress, President McMillen introduced the speaker of the evening, 
metallurgist of the Central Steel Co., Massillon, Ohio. Mr. Sn 
his subject, ‘‘Some Factors Concerning the Selection of Alloy Si 
in enumerating these factors, he discussed the properties and | 
steels containing chromium, nickel, vanadium and molybdenun 
amounts and combinations. An important factor, which is ofte 
when considering the selection of the proper alloy steel to us 
the selected steel will give the best results consistently when sub 
available facilities for fabrication and heat treatment. The gq 
the best type of heat treatment equipment for gear hardening \ 
at some length. 

























That Mr. Smith had selected a most interesting and live sub; 
demonstrated by the unusually large attendance and the great 


members who participated in the lengthy discussion which followed 





H. A. Neeb, Jr. 


RHODE ISLAND CHAPTER 


No report received 


ROCHESTER CHAPTER 


No report received 


ROCKFORD CHAPTER 


The April meeting was the big meeting of the year for t! 
chapter, the presence of two national officers—W. 8. Bidle, n 
dent and W. H. Eisenman, national secretary, being the attracti 

an audience crowding the -Venetian room of the Nelson Hotel 
Mr. Bidle spoke on ‘‘Points of Importance in Heat Treating, nd M 
Eisenman spoke on ‘‘ Our Society.’’ 


Since both speeches have been reported on in detail by ot! 
thre is no need to go over them again. Suffice to say that they were re 
with -keen interest, especially by the many officials of local and out 0! 
industries present. 







The May meeting was somewhat of an innovation inasmuch as \ 
with us ladies—wives and friends of the members and their guests 
. J. M. Watson of the Hupp Motor Car Corporation was the speaker, 


illustrated his speech with two reels of motion pictures on the heat treatmetl 
of automobile parts. 










The attendance was even larger than at the April meeting wluecl, 0 
course, was due to the presence of the ladies, who numbered about 
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This, however, did not distract in any way from a very interesting 
following Mr. Watson’s paper. There was one opinion regarding 
namely—that it was worthy of highest praise for its clearness and 
applied to the accompanying lecture of Mr. Watson, who endeared 
to the ladies by making everything plain and easily understandable. 
Nelson Hotel, which is justly famous for the excellence of its food, 
f particularly proud on this occasion. Everybody was well satisfied. 
election of officers for the new year took place at this meeting and 
follows: chairman, Swan Hillman, National Lock Company; vice- 
n, John A. Nelson, Barber-Colman Company; secretary-treasurer, O. 
'. Muehlemeyer, 700 Race Street; members of executive committee, Charles 
Cotta, Cotta Gear Company; G. W. Aldeen, National Lock Company; J. B. 
Mrederick, Whitney Metal Tool Company; M. T. Lundstrom, Sprengler-Loomis 
Manufacturing Company; A. K. Anderson, J. L. Clark Manufacturing Com- 
nv; and Richard Johnson, Sprengler-Loomis Manufacturing Company. 
The Rockford chapter has never been very active during the summer 
months. Whether or not any deviation from this fixed policy will be made 
s to be decided upon at a directors’ meeting in the very near future. 


J. B. Frederick. 
SCHENECTADY CHAPTER 
\t the annual meeting of the chapter held on May 19, 1925, in the 
atory Building of the American Locomotive Company, the following 
elected officers for the coming year: W. E. Ruder, metallurgist, General 
ectric Company, chairman; C. K. Getchell, engineer in charge of standard 
American Locomotive. Company, vice-chairman; William Hodges, 


laboratory, General Electric Company, secretary-treasurer. G. H. 


metallurgist, General Electric Company, chairman of papers and 


committee. Members of executive committee: B. H. Magill, A. ©. 
gel and James Taylor, all of American Locomotive Company. 
James Taylor. 


pe 


SOUTH BEND CHAPTER 


eran een + 


No report received 


ne ES TOTES 


SPRINGFIELD CHAPTER 
\leeting: May 19, Chamber of Commerce Rooms. 


Subject: ‘*Miero-constituents of Steel,’’—V. O. Homerberg, instructor 
metallurgy, Massachusetts Institute of Technology. 


Meeting to be reported in the next issue of TRANSACTIONS. 


ST. LOUIS CHAPTER 


No report received 


SYRACUSE CHAPTER 
Meeting: May 18, Uhrig’s Restaurant. 
Subjeet: Eleetion of Officers. 
Meeting to be reported in the next issue of TRANSACTIONS. 
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TORONTO CHAPTER 
No report received 
TRI CITY CHAPTER 


Meeting: May 26, University Club. 
Subject: 












‘*Heat Resisting Alloys and Carburizing Containers, 
Harris, president of the General Alloys Company. 


Meeting to be reported in the next issue of TRANSACTIONS. 


WASHINGTON CHAPTER 


On April 24, Mr. Deppeler, chief engineer of the Thermit Depa 





ent ¢ 
the Metal and Thermit Corp., entertained the members of the Washing 
chapter with an illustrated talk that was of extereme interest. The first 01 
tion of his lecture was devoted to a consideration of the welding of pipe. '?) 


method was illustrated by slides showing the permanent metal molds used 
the operation, the specially-designed facing machine for use in the field a 
the method of making welds. 








An experimental weld was made by the speake: 
in order to demonstrate the ease and rapidity with which the work can }y 

ried out. It is interesting to note that the metal produced by th 
reaction in this particular application does not form a part of the weld, but 
along with the aluminum oxide from the thermit reaction, serves mer 

heat the pipe ends to the welding temperature. 
welded by forcing them together by 


thern t 





The pipes are then butt 
screwing up the mold clamps. 1) 
aluminum oxide slag which has formed enters the mold first and protects it as 
well as the pipe from the action of the superheated metal. 

Slides were then used illustrating various types of repair work that ar 
carried on by the thermit process. 








Steamship repairs form the bulk of ih 
work that is undertaken by this method, although the greatest actual number 
of welds are of broken crankshafts from both marine and other sources. 









\) 
interesting feature is the frequently-practiced operation of cutting out 


entire defective section of a complicated casting, making a forged secti 


*T 1oOn ot 


the same dimensions and welding this in place at both ends. Cast iron is 


also welded by the process, but the welds have not been secured in a uniform) 





gray form and consequently this particular application is at present somew! 
limited. 














In welding broken parts of assembled mechanisms, space consideratir 
frequently present great obstacles, and in this connection it was very inte! 


Ws 


esting to watch, by motion pictures, the progress of the welding of the ster 
frame of the Army transport ‘‘Great Northern.’’ Another motion 
displayed the methods used in welding of grooved rails and T-rails. Th 


yjeture 
2 


assembly, along-side of an existing system, of a street car rail close to on 
half mile in length and its insertion by ‘‘snaking’’ into position by hand labo 
: afforded a convincing illustration of the ductility of the welds made b) 
thermit process. 
Mr. Deppeler also considered in detail the physical and metallographi 
properties of the welds, showing the character and extent of the zone of fusio! 
in various welded units. The talk ended with a discussion of the carbon-f" 
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alloys produced by the thermit process, 
sphere of application. 






their chemical] composition 







Jerome Strauss. 





WORCESTER CHAPTER 


\ meeting of Worcester chapter was held May 6 in the Eleetrical En 







neering Building of Worcester Polytechnic Institute. 
9 ec 
m., and at 8 o’elock the ( 






Supper was served at 
‘hapter was addressed by Jerome R, 
president of Morgan Construction (Co. 







George, 








Mr. George’s subject was, oA 
ique Rolling Mill,’’ his talk being illustrated by 
Previous to the war, Mr. ( 








motion pictures and slides. 
‘eorge said, the main steel 
ige and cost. The automobile manufacturers |} 







problems were ton 
ought a great deal of their 

shut off this Supply there 
sh to secure the domestic product that was available, 








steel across the water, and when the war 






was a mad 








Since the war, the Ameriean steel industry 






has striven for quality, 






\ point brought out by Mr. George was the 
steel industry. This was very 






reduction in manual labor in 


noticeable in the motion 
trom which it would almost seem that the 






pictures shown 





entire rolling Operation was auto- 
natic. Mr. George said that during the last 25 or 30 years the tonnage per 











n had increased about eight times, 







The motion pietures showed 4 continuous type of 
ted in the South Chicago works of the 


rmerly the Grand Crossing Tack Co. 






Morgan rolling mill Jo 
Interstate Iron and Steel © 









Ox 






This mill was originally designed for a production of 200 tons per day, 


ovision being made for expansion to 1500 











tons. 







Today, Mr, George said, his company was making a mill with a capacity 






175 tons per hour. 






The continuous type of rolling mill was stated to be the only type that 


piece of steel with both ends at the 
trature. This means that the billets will be 







uld permit of finishing a 







same tem 
uniform in temper. The im- 







portance of controlling closely the temperature 






at which the etee] leaves the 
ls, as well as the rate of cooling after the stee] 
\Ir. George, 









leaves the rolls, was stressed 





Hy 







The 





mill illustrated, which, by the Way, was constructed 18 years 
ontained a number of novel fe; 


atures which have 
rd practice, a most interesting detail 





ago, 









since been adopted as stand 


being the 360 degree repeater for 







se- 





“uring the final passes through the rolls. 









\nother interesting piece of mechanism shown in the motion pictures 
Wis the Edwards Flying Shear. 






This shear travels with the steel as it cuts it. 
tO ¢ut the billets at a speed of 






Originally it was designed 






300 feet per minute which Was increased to 
 Teet and then a thousand feet per minute. 







At present such a shear is in 
peration cutting off 2500 tons of billets per (lay. 
The 


SCVanty 








meeting was very well attended, there being between sixty and. 
’ present, while forty were the attendance at the 











supper, 


R. J. Phelon. 
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Items of Interest | 


N May 14, 1925, the C. L. Best Tractor Co. and The HtBit Manufa 

Co, ceased operations under their respective names, and from th: 
their plants and businesses will be operated by the Caterpillar Tractor «. 
May 14 all assets of the C. L. Best Tractor Co. and The Holt Manufa‘ 
Co. were transferred to the Caterpillar Tractor Co., which will assume 
liabilities of the two companies. 

Best and Holt tractors and parts for all models of same will continye 
to be manufactured by the Caterpillar Tractor Co., at its plants located «| 
San Leandro and Stockton, California, and at Peoria, Illinois. 

The Caterpillar Tractor Co. was incorporated under the California laws. 
April 15, 1925. The stockholders of the Best and Holt Companies have rat; 
fied the action of their respective boards of directors in exchanging the «assets 
of the two companies for the stock of the Caterpillar Tractor Co., and the 
confirmation of the consolidation were effected on May 14, 1925. 

The Caterpillar Tractor Co. will be guided by the following officers ani 
directors: C. L. Best, chairman of the board; R. C. Force, president; b. | 
Heacock, vice-president and secretary; M. M. Baker, vice-president; P. E 
Holt, vice-president; O. L. Starr, general factory manager; H. H. Fair; A. |. 
Chickering; J. A. MeGregor. 

C. L. Best was formerly president of the C. L. Best Tractor Co. 

Force has been for many years vice-president and general manager ot 

C, L. Best Tractor Co. B. C. Heacock was an executive of the C. L 
Tractor Co., and M. M. Baker was formerly vice-president in charge ot! 
Peoria plant of the Holt Manufacturing Co. P. E. Holt was engineering vic 
president of the Holt’ Manufacturing Co. O. L. Starr was factory manage 
of the C. L. Best Tractor Co. H. H. Fair was of the* executive committee 
of the C. L. Best Tractor Co., is vice-president of Peirce, Fair & Co. and was 
largely instrumental in the consolidation of the companies. A. L. Chickering is 
a prominent San Francisco attorney, of the firm Chickering and Gregory. 
J. A. MeGregor was formerly president of the Union Iron Works and wis 
prominent in San Francisco civic affairs. 


ring 
date 

Un 
ring 


all 


The University of Michigan, Ann Arbor, Michigan, has just published 
their University Bulletin, describing their course in chemical engineering 
and graduate courses in general chemical engineering, metallurgical eng) 
neering, gas engineering and the organic chemical industries. This bulletin 
may be obtained upon request by addressing Alfred H. White, professor 0! 
chemical engineering. . 


E. J. Maxwell, formerly with the Walworth Mfg. Co., Kewanee, |!!., 1s 
now employed with the Stanley Flagg Co., Inc., at Pottstown, Pa. 


(Continued on Page 34 Adv. Sec.) 
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to issues of the Transactions, 


company copy. 
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POSITIONS WANTED 





TREATING 


experienced 


FOREMAN 
with 


desires position. 





executive experience 


Address 6-1. 







te knowledge of all steels. 













IARDENER FOREMAN with a thorough knowledge 
heat treatment of high speed, carbon and 
ind carburizing, is open for engagement. 
ld executive positions for the last 12 years. 
(ge 38. Married. Address 5-5. 

















PERIENCED HARDENER 


pervision 


desires position. Has 








over hardening, sand blasting, 


ng Hump method of hardening’ gears, 


hardening, lead pot, salt pot, barium and 


ind oil drawing work. Also has had two 


‘perience at pyrometer checking and _in- 






ng. Semi-muffle furnace and production harden- 


g of inds. Address 6-10. 


ADVERTISING 


EMPLOYMENT SERVICE BUREAU 


ie employment service bureau is for all members of the Society. 
position, your want ad will be printed at a charge of 50c each insertion in 














SECTION 


If you 


(his service is also for employers, whether you are members of the Society or 
ot. Lf you will notify this department of the position you have open, your ad 
vill be published at 50c per insertion in two issues of the Transactions. Fee must 


Important Notice 


in addressing answers to advertisements on these pages, a stamped envelope 
containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
iestination. It is necessary that letters should contain stamps for forwarding. 


POSITIONS OPEN 





SALES ENGINEER: Familiar with selling engi- 
neering specialties or instruments. Must have had 
several years’ selling experience. Not over 35 years 


old. Interesting proposition for man with this ex- 
perience. College graduate preferred, although not 


necessary. Location in east preferred. Address 5-10. 


EXPERIENCED HARDENER with a thorough knowl 


edge of the heat treatment of high carbon, 


spe ed, 


alloy steels and carbonizing. Position assistant to 


foreman and applicant should be capable of taking 


charge. In answer, detail married 


Address 6-20. 


experience, age, 


or single and state salary expected. 





FOR SALE 


FOR SALE: 50-Ton Tinius Olsen Belt Driven Test- 
ing Machine with full equipment for steel test bars. 
Practically new. Price very reasonable. Address 
Bay State Machinery Co., 54 Old Colony Ave., South 
Boston, Mass. 



















GRADUATI MECHANICAL ENGINEER desires 
issistant superintendent or enginecr of 
Age 58 Fourteen years’ experience in pro- 


he treatment, and fabrication 
handled 


steels and 


inspection 


Have successfully carbon, alloy 


high speed bar assistant 


heat treater. Ad- 


served as 











irgist, metallographer and 








SHORE 
good 


FOR SALE 
stands; in 


SCLEROSCOPES. 


condition. 


With 
$115.00 


Three 





very Price 


each. Address 6-5. 


Two 
Never 


HEAT TREATING EQUIPMENT FOR SALE: 
No. 150 Bellevue new. 

used. Low price for immediate sale. Address Cur- 
tiss Aeroplane & Motor Co., Inc., Buffalo, N. Y. 


Furnaces. Brand 
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With increasing attention being given to the use of powdered 
industrial fuel, interest attaches to a bulletin just issued by the | 


of the Interior, which gives the results of powdered coal tests mad, 
of Mines engineers at the Lakeside station, Milwaukee, the larg, 
power station in the world that burns powdered coal exclusively. 
of the tests was to determine the thermal efficiencies and capacit 
able by burning powdered coal under large central-station boilers 
possibility of operating such boilers continuously at high efficiency an 
without destructive effect on the furnaces and without difficulties 
removal. 


In any system for burning pulverized coal the furnace is th 
portant part because, to justify the cost of pulverizing, the pow 
must be burned with higher efficiency than coal fired with mechanica| 


1 ‘ 
a Coa 


stokers, 


In other words, it is the furnace that by giving higher thermal efticic: 
pay for the installation, maintenance, and operation of the pulverizir 


Must 
eq 
verized 
coal may be, or how simple the pulverizing process, unless the furnace is x 
designed that it can be operated continuously with high thermal efficiency, th 
whole system is a failure. 


ment. No matter how simple the apparatus for the preparation of ) 


For high thermal efficiency the coal must be burned almost comp! 


with low excess air. But low excess air and complete combustion giv 


furnace temperature, which in turn causes erosion of the furnace lining ani 
fusion of the ash; and removal of the fused ash is difficult. The | 
of complete combustion with low excess air thus brings with it two important 
problems in the design of a furnace for burning powdered coal: Preventior 
of erosion of the furnace lining; and easy removal of refuse from the furna 


Hecessify 


For the purpose of solving these problems, the boiler tested was equipped 
with a furnace having hollow walls, through which about 60 per cent of th 
air needed for combustion passed before it entered the furnace. By passing 
through the hollow walls, the air cooled the furnace lining and prevented ex 
cessive erosion. 

Powdered bituminous. coal will explode in suspension in the air; that is, 
when it is in the form of a dust cloud. Under this condition the dust must 
be ignited by a flame or static sparks and the intensity of explosion depends 
upon the proportion of dust and air. When lying in a bin coal dust wi 
not explode if a burning stick is thrust into it. Therefore, to prevent an ex 
plosion, dust clouds and flames must be kept apart. 

Plants using powdered coal can be kept free from coal-dust clouds and 
be just as clean or even cleaner than stoker-fired plants. There is as litt! 
reason to allow coal dust to leak out of coal conveyors or other transports 
as there is to allow gas to leak out of gas lines. Powdered coal has a reput 
tion for dirt because some of the first powdered-coal installations were put 
in and operated rather carelessly and coal dust was allowed to accumulat 
promiscuously. Recent powdered-coal installations are much cleaner and befor 
long a powdered-coal plant will be considered as safe as a stoker plant. 

Bulletin 237, by Henry Kreisinger, John Blizard, C. E. Augustine, anc 
B. J. Cross, may be obtained from the Department of the Interior, Burea 
of Mines, Washington, D. C. 





ADVERTISING SECTION 


S.M. Co. Brinell Machine 


This machine applies a pressure of 
3,000 Kilos to a 10 mm. ball and gives 
results in Brinell numerals, the interna- 


tional standard for indicating hardness 
of metals. 


The Pressure is applied quickly and 
evenly, and a patented feature prevents 
the leakage of the hydraulic fluid. 


Pieces from 7% inch to 12 inches may 
be accommodated. ‘The anvil is adjust- 
able to irregular shaped pieces. 


The Standard Machine Adopted by 


American Can Co. Maxwell Motor Co. 
American Machine & Mfg. Co. McMyler Interstate Co. 

Ek. C. Atkins & Co. Nash Motors Co. 

Canadian Fairbanks Morse Co. Oliver Chilled Plow Works 
Carbon Steel Co. Parish & Pool Co. 

Carnegie Steel Co. Piston Ring Co. 

Chicago Pneumatic Tool Co. Pittsburgh Testing Laboratory 
Columbia Steel & Shafting Co. Pollak Steel Co. 

Curtiss Aeroplane & Motor Co. remier Motor Corp. 
Dayton Engincering Laboratories Railway Steel Spring Co. 
Dominion Steel & Foundry Co., Ltd. Standard Foundry Co. 

Exugle Pitcher Lead Co. Standard Steel Car Co. 
Firth-Sterling Steel Co. Standard Steel Spring Co. 
Henry Ferd & Son, Inc. Studebaker Corp. 

General Electric Co. Underwriters’ Laboratories 
llughes Tool Co. Union Switch & Signal Co. 
Latrobe Electric Steel Co. Vanadium Alloys Steel Co. 


Lincoln Motor Co. Westinghouse Electric & Mfg. Co. 
And Many Others 


Send for descriptive butletin 103 


SCIENTIEIG MATERIALS COMPANY 


" Sverything for the Laboratory ™ 
PITTSBURGH, PA. 


When answering advertisements please mention ‘‘ Transactions’’ 
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The following installations have recently been made by the 
Metallurgical Corporation of Boston: 3-20 K. W. pot type units 
hardening at the Pratt & Whitney Co., Hartford; 1-20 K. W. ey 
unit at the Arrow Electric Co., Hartford; 1-20 K. W. cyanide pot 
the Moore Drop Forging Co., Springfield, Mass.; electrically heated 


Pe 


iftiy N 
spraying outfit at the Seamless Container Co., Hartford; 15 K. wW. ; — 
nace at the Hemming-Walsh Mfg. Co., New Haven, Conn.; 22 K. W. |x ty, Magnet 
electric furnace at O. K. Tool Co., Shelton, Conn.; 27 K. W. box type ek ‘ “ystome 
furnace at the Norton Company, Worcester, Mass.; 68 K. W. elec Q er 
heater for the F. N. Burt Co., Buffalo; 15 K. W. electrie tool furnace «; finished 
Union Hardware Co., Torrington, Conn., and 15 K. W. electrie tool fun 
at the Buchanan & Bolt Wire Co., Holyoke, Mass. Sim 


The Bell & Gossett Company of Chicago has been appointed [lin ; 
resentative of the American Metallurgical Corporation, while the Case || Chrom1 
ing Service Company of Cleveland has been made Ohio represertatiy: 
Wright of Springfield, Mass., has been appointed consulting engineer: 
Western New England representative. Stanley N. Juthe, formerly sales m 
ager, has been elected vice-president in charge of production. 


the ann 
the met 


ing sufh 








lated as 

Gordon A. Webb has opened an office at 733 Majestic Building, !etroit nealing 
acting as district manager for Rodman Chemical Co., Verona, Pa., handling 

carburizing compounds, quenching and tempering oils, and luting material a; We 
well as for the F. J. Ryan & Co., Philadelphia, who handle all temperatw 

furnace cements, known as Thermoloth and Firebond, manufactured |y thi velopm: 


Harbison-Walker Refractories Company of Pittsburgh. Mr. Webb, who is 
affiliated with the Detroit chapter, has been a member of the American Society 
for Steel Treating for a number of years, joining at the time the Buffalo 
chapter was organized. 


them t 











and out 


high gr 


















ip iiiinoiensiniectineiadliheali and the 

Metallurgy of Aluminium and Aluminium Alloys, by Robert J. Anderson, 
has recently been published by Henry Carey Baird & Co., Ine., 2 West 45t! We 
St., New York. This book contains 944 pages, 295 illustrations, 6% x!!, to solv. 


inches and cloth bound. Price $10.00. 

This volume is a thorough and comprehensive presentation of tlie meta 
lurgy of aluminium and aluminium ailoys, covering the subject from th 
mining of bauxite to the uses and applications of the metal and its alloys 

In the introductory chapter, the history, development and ramifications 
of the aluminium industry are traced, and statistical data showing the outpu 
of the metal in the various producing countries are given. The origin, occ! 
refce, and distribution of aluminium ores and methods of mining are taken 
up in an early chapter, while the production of aluminium itself by mover 
electrolytic methods is also discussed in another chapter. 

The chapter on physical and chemical properties of the metal nd its 
alloys is full of data that have hitherto been widely scattered in the liters 
ture. In the chapter dealing with corrosion, the behavior of alumini\ and 
aluminium alloys when in contact with the various corroding agents 's “'s 


} 












ADVERTISING SECTION 


Permanent Magnet Steel 









Composition is but one factor in the making of Permanent 
\lagnet Steels. Thermal treatments before the steel goes to the 
customer are governing factors in obtaining proper values in 


fnished magnets. 











Simonds magnet steels are furnished in both Tungsten and 
Chromium grades in sheets, strips or bars. When required in 
the annealed condition, a special anneal is given, depending on 
the method of magnet manufacture. This anneal, while soften- 
ing sufficiently to allow of cold working or blanking, is so regu- 
lated as to prevent loss of magnetic properties. Ordinary an- 


nealing will lower perceptibly these important values. 










We maintain a magnetic testing laboratory for our own de- 
velopment work and to co-operate with our customers in helping 
them to produce a product of the highest quality. This service 
and our experience are available to those interested in producing 


high grade permanent magnets for meters, magnets, radio work 
and the like. 





We welcome the opportunity to improve your product, and 
to solve any of your present problems. 


SIMONDS STEEL MILLS 
LOCKPORT, N. Y. 


MONDS 


hen answering 





advertisements please mention ‘‘ Transactions’’ 
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cussed, and methods for protection against corrosion are given. 
and applications of the metal and its alloys are treated in detail. 


Considerable attention is given to the preparation of alloys 


and working, and the most approved methods for preparing th 
alloys are described. Melting practice for aluminium and its lig! 
discussed on the basis of the author’s extensive investigations in {he 
Bureau of Mines, and the best methods of melting, together with 

of the principal types of furnaces, are given detailed treatment 
chapter, the production of secondary aluminium alloys from 


riptions 
In One 
alumini 
scrap is taken up, and the information given will be found of inter 
secondary metal industry. 
The founding of aluminium alloys, which has assumed so 

portance in the automotive industry as well as in the general engineeriy 
trades, is discussed quite fully, and the information given will be of o; 


value to foundrymen in the successful production of castings. losses 
and defects in castings are taken up, and the methods of producing castings 
with a minimum of wasters fully explained. An increasing number of parts 
is being made by die casting and permanent-mold casting, and the 
tion of castings by these methods is given detailed consideration. The mecha; 
ical treatment of aluminium alloys for the production of sheet, forgings, bars 
and other finished and semi-finished manufactures is discussed, and 


ter will be found of great value to rolling-mill managers. 
g £ g 


Casting 


prod ( 


strength 

Some of the more theoretical aspects of the whole subject are treated in 

the chapters dealing with the constitution of aluminium-alloy systems anid the 
metallography and heat treatment of aluminium and its alloys. The anneal es 
ing of cold-rolled aluminium sheet is described, and considerable attention in 


Hardness 


lo not 


is paid to the heat treatment of some aluminium alloys, particularly dural resistanc 
min. The latest information on this remarkable aluminium alloy is presented, 

eo . . a OV Ty 
and methods for its heat treatment are discussed. Ever) 


‘ . . a should | 
The chapters on soldering and welding, and on working, spinning an ould 
machining will be of great value to the metal worker. Impact 


The author, Robert J. Anderson, is the well-known consulting metallurgi Your Le 
eal engineer and technical specialist on aluminium, who was formerly i 
charge of the aluminium investigations of the U. S. Bureau of Mines. He 
has prepared more than one hundred technical papers on aluminium ani 
aluminium alloys. His experience covers many years in all branches of the 


industry, and he has brought together the fruits of his extensive experien 
in this important work. 


J. Q. Holmes, formerly with the Remy Electrie Company, is now asso 
ciated with the Davis Boring Tool Company of St. Louis as assistant to t'\ 
president. 


Holeroft & Co., Detroit, announce that after May first, ©. H. Martin 
will be the district representative of the company in Wisconsin and [|llinov. 
The increased volume of business from these two states has made it esse! 





ADVERTISING SECTION 


IZOD IMPACT 
TESTING MACHINE 


What Do You Know 

About The Tough- 

ness Of The Steels 
You Are Using? 


Do you know that the Izod im- 
pact values are more important 


than the tensile strength values? 


\ steel having high tensile 
strength may be a brittle steel. 
Hardness or tensile strength values 
lo not determine brittleness. 


foughness must be measured by 


resistance to impact. 


Every modern testing laboratory 
should be equipped with an Izod 
Impact Testing Machine. Does 


Your Laboratory have One ? 


A Partial List of Users 


Bureau of Standards, Washington, D. C. Dimensions 

Central Steel Co., Massillon, Ohio . : ¢ 
Carmegie Steel Co., South Duquesne, Pa, 1. Floor space for operation—4 ft. x 
United Alloy Steel Corp., Canton, Ohio 10 ft. 

Nordyke & Marmon Co., Indianapolis 2. Floor space for foundation—18 in. 
Wyman & Gordon Co., Worcester, Mass. 48 j 

Pierce Arrow Motor Car Co., Buffalo < % a % j 

Henry Ford & Sons, Ine., Dearborn, Mich. 3. Height—6 ft. 6% in. 

Buick Motor Car Co., Flint, Mich. 4. Weight—1200 Ibs. 

Henry Souther Engineering Co., Hartford 


It will pay you to investigate this matter. Write for Bulletin. 


THE F.H. BULTMAN COMPANY 


ESTABLISHED IN 1892 
LAKEWOOD, OHIO 


When answering advertisements please mention ‘‘ Transactions’’ 
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tial, and in order to carry out service to their customers and » 
pects, they find it necessary to place a man permanently in | 


Martin, who was formerly with the Peoples Gas Light and (. as 
and who was one of their most able men, will be their represe) The 
sales this year so far are very satisfactory and have exceede: ing in 
years past. This, perhaps, is due to the revising and rearrang man\ 


of the heat treating plants who are adopting the continuous ty; 








Lt 









I. J. Stormer, for many years connected with the J. I. | 
° Company, died at his home in Racine, on April 20. Mr. Storme: 
ber of the A. 5S. 8. T. from its early inception and was a freque: 


\| Lon ine 


\ 


men 
’ ttendant 
at the Milwaukee and Chicago chapter meetings. 









Arthur W. F. Green, who for nine years has been in the pr 
partment of the John Illingworth Steel Company, is now in thx 
sales metallurgist. 








The firm of Deeds and Chapin is now known as the W. R. Chapi: 


Titi 


pany, manufacturers of Cinch steel cement and consulting metallury 
offices at Indianapolis, their address being P. O. Box 692. 














rT 
eet 





[It has been announced that the Republic Flow Meters Compa: 
cago will open a factory branch office in Cleveland, at 617 Engineers Bldg, 
[t will be in charge of L. C. Wilson, formerly of their Pittsburgh office. They 


THEULLEEEEn 






find that business has expanded so rapidly in Ohio that it was impossible to 













give customers and prospects sufficiently personal service from Pittsburgh. E Th 
Mr. Wilson is an engineer with many years of experience in the power plant E 
field and will be glad to give assistance or information whenever there ar iE 
problems in the field of fluid measurement or power control. — 

Mepis Mela ae He 
Maurice Schramm, 17, 16919 Grovewood Ave. N. E., Cleveland, senior E 

at East Technical High School is first prize winner for Ohio in the national E He 
essay contest conducted annually by the American Chemical Society. His - 

reward is a gold medal and $20.00 in gold. In addition his essay will com E Fa 
pete with others from every state for six scholarships to Yale university. E 
Each scholarship includes tuition fees for $500.00 yearly for four years. Mr. = 

Schramm chose for his subject, the relation of chemistry to the development = Ca 


of a national industry or resource and told the ‘‘Story of Coal.’’ He isa 
junior member of the A. 8. 8. T. 


Benjamin Whitehead, employed with the Columbia Steel Corporation, 
Pittsburg, Calif., died on May 16th. 





G. H. Webb has been appointed Philadelphia sales manager of the ‘ entral 


Steel Company of Massillon, Ohio. He succeeds A. B. Cooper who ‘ict sud 
denly at his home in Philadelphia on Sunday, May 3rd. Mr. Webb has been TYYYY Ty" 
identified with the Central Steel Company over eleven years and 1s ! roughly LL 


acquainted with their many analyses of Agathon alloy steels. 
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The Manufacture and Heat Treatment of Large Forgings— 
= A. O. Schaefer 


The Metallurgical Engineering of Air Craft Propeller Hubs— 
W. J. Merten 


Heat Treatment of Cast Iron— Fred Grotts 


Facts and Principles Concerning Steel and Heat Treat- 


ment—Part IIl— H. B. Knowlton 
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Who Makes Them? 


Owing to the widespread use and siovuila 
demand for UMA Steels, many have gained 
the impression that these. are standard 
steels procurable from many sources. This 
is not true, UMAis atradenameadopted by 
us to designate a series of AGATHON Steels 


MADE ONLY BY US by OUR methods in ac- 


cordance with OUR STANDARDS OF PRAC- 
TICE to meet certain definite requirements. 
Acopy of ourAgathon Alloy Steel handbook 
describing the properties of our UMA Beries 
of Steels will be sent on request. 


THE CENTRAL STEEL COMPANY 
Massillon, Ohio 
Accing BligsNew You : Proc Cur Sides Cae 


Central Steel 


Blooming 
Mill 


We also have daily pro- 
duction in all kinds of 
Agathon Alloy Steels 


as— 

Wiekel, Chrome- Nickel, 
Molybdenum, Chrome- 
Molybdenum, Nickel- 
Molybdenum, V anadi- 
um, Chrome -Vanadium, 
Chromium, etc. 

Deliveries in Blooms, 
Billets, S!abs, Hot 
Rolled, Heat Treated, 


and Cold Drawn Bars, 
Hot Rolled Strips, etc. 


Hum 
Hard 
Unit 


[ 
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Tool Hardening 


With Exactness 
at Low Cost 


By 

the 
Hump 
Method 


Hump 
Hardening 
Unit rrr 
: ut 
sail 
Pr provides definite control of the rate ca 
of heating and of the quenching point GA F qty 
for maxis life. Raises average tool 
life progressively from 20 to 400 per cent 
or higher as the hardener’s experience 
is charted and his standards advanced. 
. E 
Write for Catalog 90-S rte 
PoEeEEE eg 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE, PHILADELPHIA 


Chicago, Ill. Los Angeles, Calif. San Francisco, Calif. Cleveland, Ohio 
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AMEK 
Publis! 
Ente 1 
By the Dollar or by the Heat? ae ve 
It is sold by the pound—so many dollars for a ton. 
But is this any criterion, an index as to what the com- 
pound actually costs? 
It certainly is not. Bditoria 
. The Manufa 
The actual dollars-and-cents answer is how much does : , 
your compound cost per heat. Bohnite has demon- The Metallun 
strated time and time and again that when figured on , Heat Treatn 
this honest basis it costs less per heat than ordinary I Heat Treatn 
compounds. | Pact 
. ° ‘ ; a. a 
There is a specific reason for this, and that reason is ’ 
in the way Bohnite is made—a patented process. f Marburizing 
Write for details. Comment an 
The Wuest1o 
The Case Hardening Service Company FOE vevicvs os 
2282 Scranton Road Cleveland, Ohio | 
News of the 
Items of In 
Employment 
Founder, H. 
Henry Mar: 
Board of 1) 
Standing 


Chapter s 


if 


Index to A 
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<ai> 
“A” TEMPER No. | 


PROPERTIES 


Low carbon for carburizing,—presents file hard case backed 
up by a tough fibrous core. 


Machines cleanly and freely in automatics. 


On account of alloying elements responds to a water quench 
giving high physical properties. 


APPLICATION 


cams pins gauges 

gears studs spindles 

worms bolts ball races 

arbors rolls chuck jaws 

clutches bushings clutch cones 
etc. 


SIZES CARRIED 


(May be cut to desired lengths) 


Hot Rolled Rounds Hot Rolled Squares 

"10" 2" 

Cold Drawn Rounds Hot Rolled Hexagons 
\, a3” l/, Pinan \/, ” 


Write for “Pertinent Points” on “A” No. 1 


WHEELOCK, LOVEJOY & CO., Inc. 


CAMBRIDGE NEW YORK CLEVELAND CHICAGO 
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2 3 


Rockwelling Springs 


Mr. H. P. Troendly has very kindly sent us this photo, showing special anvils 
made and used by the Wm. D. Gibson Co., Chicago, for testing their product, 
springs. Anvils 2, 3 and 5 are used to test springs formed and hardened. No. 1 
is used for some long, round stock. No. 4 is used to secure tests near to the 
bends of small flat springs. Hundreds of users of the Rockwell are finding that a 
lew simple, well made and well fitted anvils enable them to make quick, accurate 
ind convenient tests of their product. 


WILSON-MAEULEN COMPANY |NC 


379 Concord Ave. New York 
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HEART TO HEART TALK 
WITH STEEL TREATER: 


By the President of 
E. F. HOUGHTON & CO. 









ROM the very inception of this publication until the present tiny 
we have given to it every possible aid and encouragement, becaug 
it is a step in the right direction. It is to be regretted that represent 
tives of publishers of chemical and metallurgical periodicals, whi 
claiming to be warm friends and supporters of the Society, are knock 
ing this publication, in their attempts to attract advertisers from it { 
their own publications. Such actions are not only unfair, but they a 
deceitful, and true friends of the Society should know what to 


about it. 


I have the honor of being a Near Editor of a Publication callg 
The HOUGHTON LINE. The subscription is free to those engagd 
in industrial enterprises. It is mailed only to individuals upon reques 
Not necessarily the request of the individual receiving The .JNE,} 
some reliable person must make the request in writing, and The LIN 


will not be mailed free to firms, corporations, or other than individua 


The circulation of The LINE is 135,000 in the United Stat 
alone. There is also a British edition, a French edition printed 


French, and a Japanese edition printed in Japanese. 


The HOUGHTON LINE has been repeatedly voted the great 
success in its particular class, ‘but I contend that it is a class by it 


and cannot be compared with any other publication. 
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the LINE has a circulation in the industrial field larger than any 
r two publications combined and it is more generally and thoroughly 


i referred to, and quoted than any four technical publications. 


The LINE 1s a consistent and persistent booster of the Society. 


You can help the Society, as well as me, by sending us a name for 


» mailing list on the form printed below: 


barles E. Carpenter : 


me of Company, above is with 
SITION ABOVE OCCUPIES WITH COMPANY 


mature of person requesting subscription 


is subscription is requested with the understanding that there shall be 
charge whatsoever. 


Yours fraternally, 


Cuas. FE. CARPENTER, 
President of E. F. Houghton & Co. 


eat Treatment Products 
yanide 

IM Leather Belting 
IM Leather Packings 
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Fire 

Armor 

High Duty 
Alloy Castings 


Will withstand temperatures up to 2400 
degrees Fahr. 


ys ee 


The excellent qualities of FIRE ARMOR are the result 
of a carefully conducted scientific search and a sincer 
desire for the best. Our engineers and metallurgists 
have but one ideal, one objective,—to make the highest 
type of heat resisting alloy. 


Quality-FIRE ARMOR.- Dependability 


If you have a particular problem requiring a special 


(ULILNYLOIONI OSMAN 


speritt 
WH 


alloy and want advice, communicate with us. 


CHROBALTIC TOOL COMPANY 


Railway, Exchange 1701 Areh Street 1501 E. Ferry Av 
Chicago, Il. Philadelphia, Pa. Detroit, Mic! 


{! 


tt 


{ 
| 
; 
j 
4 
i 


Mr. J. W. Mull, Jr. Lorenzo Norvell Co, Mr. C. K. Kell: 
Board of Trade Bldg. Chemical Building 344 Norwalk A 
Indianapolis, Ind. St. Louis, Mo. Buffalo, N. \ 


UMMIONSNOLELAOSODUA LE 


| 
i 


SeSSeSeB SSS GSSSSSSSSBSSKRZRReSZBSSSSSSSSBZSSSSSZST BBS SEBEKER EE BERET HH eee 


CHROBALTIC TOOL CO. 
Detroit, Michigan. 


Gentlemen: Have you an alloy that will meet the following require! 


Company 


Address 


EO 


0 
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RedCat Superior 
HIGH SPEED STEEL 
Yo high speed steel 
made surpasses 


Rea Cut Superior 
inits productive 


) ere’s , 
ere you can obtain 

Red Cut Superior 

onamoments notice. 


DISTRICT OFFICES: 
New York Pittsburgh Cleveland Dayton Cincinnati 
WAREHOUSES: 
Latrobe, Pa. Chicago Springfield, Mass. Detroit 
DISTRIBUTORS: 
Abegg & Reinhold Co., Los Angeles, Cal. Peninsula Iron & Steel Co., San Francisco, Cal. 
W. S. Dunlap, St. Louis, Mo. Faitoute Iron & Steel Co., Newark, N. J. 
H. D. Taylor Co., Buffalo, N. Y Edgcomb Steel Co., Philadelphia, Pa. 


AGENCIES: 
W. S. Murrian Company, Knoxville, Tenn. 


Jhere’s a Vasco Representative Near ‘You « 
VANADIUM ALLOYS STEEL CO. Latrobe, Pa. 


7 
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Ductility or Sheet Metal Testing The Spence 
e aX 
Torsion Testing Machines wide demal 





Brinell Hardness Testing Mach supplying a 


Herbert Pendulum Hardness Test It has no © 
Impact Testing Machines et 
Alternate Stress Testing Machi: : gives cor 
Spring Testing Machines It operates 
Oil, Grease and Bearing Metal ting Machin The curren 


Strain Gauges, Extensometers and Instrumen of air used. 


Olsen Latest Automatic and Autographic Universal 
Testing Machine 


‘KNOWLEDGE IS POWER 


(For determining the cut- . ciaieiiane 

ting property of drills, 
taps, dies, reamers, cut- 

ing compounds, files, hack- 

saw blades and milling 

cutters, Also tool-steel 

and metals.) 


The advancement in the 
art of making high speed 
cutting steel and the ever 
increasing use of special 
cutting tools of such steel 
have necessitated the de- 
velopment of this unique 
testing machine for de- 
termining their cutting 
quality. 

It has been determined 
that rious tool — steels 
shoul e operated at a 
definite speed for maxi- 
mum efficiency, depending 
on their treatment and the 
material they are to cut. 
The shape of such _ tools 
also are of the utmost Olsen Universal Efficiency Testing Machine 
importance, as slight 
variations in angle or clearance of cutting edges may cause a variation of several hundred per ¢ 
in production. 


Such machines should be in use by all large manufacturers and users of cutting tools 








Eliminate vibration 
Secure perfect balance with speed and economy 
Use the 
Olsen-Carwen Static-Dynamic Balancing Machine 


Manufactured by 


TINIUS OLSEN TESTING MACHINE COMPANY 
500 North 12th Street, Philadelphia, Pa., U. S. A. 


Foreign representatives: Andrews & George Company, Tokyo, Japan; Korea and Ma! 
Edward G. Herbert, Ltd., Manchester, England. 
R. 8. Stokvis & Fils, Paris, France. 
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- SPENCER TURBO-COMPRESSORS 


GIVE 
LASTING SATISFACTION 


The Spencer line of Turbo-Compressors for 1 Ib., 1/2. lb. and 2 Ib. pressures meets a 
wide demand for an efficient equipment of the “slow speed” turbine type for use in 
supplying air for oil and gas burning furnaces, foundry cupolas, etc. 


it has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains with their 
resultant losses and noises. 


It gives constant pressure with no pulsations and no surging. 


it operates at low velocity. 


The current consumption inherently decreases in proportion to reduction of volume 
of air used, eliminating all auxiliary governors. 





Motor End No. 1560 Turbo-Compressor 


The Spencer Turbine Co. 


HARTFORD, CONN. 


Ask your furnace manufacturer for details 
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. 
) : 
| A Simple Standard / 
No deviation from spec- 
ifications — no delay in a 
; production and deliv- 
ery on the dot. A sim- n 
ple standard—at Inter- ‘ 
state it is a rigid law. q 
INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue t 
CHICAGO b 
t 


Fnterstate 
Steels — 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Rivets and Cut Tacks 
Iron Bars and Railroad Tie Plates 
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> TOOL STEELS 


Make a Test 
in your Shop 


‘UITABLE Tool Steel is not a “cure all” for shop 


ills—but it is the first essential step toward 
satisfactory production. 


Make this test in your shop: get a recom- 
mended brand of Colonial Tool Steel for your most 
difficult job. Your intelligent heat treatment will 
quickly prove the worth of the brand. 


Added to this, there is the supreme satisfaction 
to you of knowing that this one selected Colonial 
brand will bring you the same high results every 
time. You can depend on Colonial Uniformity. 


There is a brand of Colonial for your every 
shop requirement. The Colonial salesman is ready 
at your call—he knows Tool Steels, but more im- 


portant yet, he knows how to adapt them to your 
needs. 


olonial Steel Company 


Pittsburgh Boston New Haven New York 
Philadelphia Cleveland Cincinnati Detroit 


Chicago St. Louis 
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TRANSACTIONS OF T 


Lecr-ealinell 


Life! 


The date of the building ot 
the Great Pyramid of Ghizeh 
has been variously fixed from 
2450 to 4235 B. C. This pyra- 
mid, considered one of the 
seven wonders of the world, 
owes its long life to uniform- 
ity and the care taken in its 
construction. 


The construction of “Nich- 
rome” Die Cast Pyrometer 
protection tubes makes for 
long life by UNIFORM 
WALL THICKNESS 
throughout, plus the greater 
density of the metal, itself. 


Our Die Cast method to- 
gether with the high heat- 
resisting qualities of “Nich- 
rome” insures this uniform 
wall thickness and makes 
“Nichrome” tubes absolutely 
non-porous. 


For your protection every 
“Nichrome” Die Cast Tube 
is tested under a pressure of 
100 pounds per square inch, 





Most of the instrument mak 
ers carry “Nichrome” Die 
Cast Tubes in stock—made 
only by the Driver-Harris 
Co., Harrison, N.. J. 


MARK REG. U. S. PAT. OFF. 


rome 


PYROMETER TUBES 
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RODMAN 
PRODUCIS 


Carbo 
Case Hardening Compounds 


Longer life and uniform quality. 


Sealright 


A luting material that does not corrode the containers. It 


prolongs their life indefinitely. 


Quenching Oil 


A faster oil with uniform quenching characteristics. 


Rodman Chemical Company 
VERONA, PA. 


DETROIT, 408 Manistique Street 


Pacific Coast Representatives: Waterhouse & Lester Company, 
San Francisco and Portland 


Stanley P. Rockwell Co. 
112 High Street, Hartford, Conn. 
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Steel Treaters— 


Send for this free guide 


to better heat treatment results 


Modern practice in quenching methods and equip 
ment is fully outlined in a concise little treatise on 
“The Cooling of Quenching Oil in the Heat Treatmen: 
of Steel,” which has been published for free distribu 


tion by The Griscom-Russell Company, 97 West 
Street, New York. 


This booklet discusses proper heat treatment tem 
peratures and operations, explains the most approved 
practice in steel treating, and describes quenching and 
cooling equipment that has given the most satisfactory 
results in hundreds of progressive plants such as Buick 
Motor Co., Falk Co., Hyatt Bearings Division of 


General. Motors Corp., Packard Motor Co., 
Ingersoll-Rand Co. 


and 


The information contained in this booklet is 
authoritative, being based on the results of half a 
century of experience in solving heat transfer prob- 
lems of every nature. Every steel treater is sure to 


find valuable suggestions that will help secure better 
results in heat treating operations. 


Copies may be obtained by writing direct to the 
publishers. 
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the Wi eal Ae Progress’ Turn on A lloy Steel Bearings 


\ JHERE oxen ape 2 emai the 
pioneer trails, ponderous trucks 

sy rumble ahead with their loads. Day 
jyyout, with the sureness of the sun they 
* on the business of transportation. 


Think of the stress of it—on men and 
pmetals! Think of the need for strength 
en ndurance—toughness! For every 
sed and moving part—particularly in 
e bearings —there is need for strength 
ih light ess, elasticity with toughness, 

Jhardness that gives but does not break; 
short, there is a need for Alloy Steels. 


Although they have 25% to 100% 
greater strength than carbon steels, Alloy 
Steels have greater hardness and strength 
per unit of cross-section, with no loss in 
ductility. They give, they flex, but they 
do not break. They resist shock, 

Alloy Steels play their part in most en- 
gitteering plans. They can play a part in 
YOUR plans. Take advantage of our 
laboratory facilities. Let our engineers 
help you to determine where Alloy 
Steels may be profitably used in your 
product. 


Timken Tapered Roller Bearing, with Nickel molybdenum steel rolls and races. 
Timken Tapered Roller Bearings are standard equipment on hundreds of cars and trucks. 


we x) HE INTERNATIONAL NICKEL COMPANY, 67 WALL STREET, NEW YORK CITY. , Ys 


Producers of INCO Nickel 


in all commercial forms (WicneL\ 
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STAINLESS | 


Table and Pocket (utlery 


made from 


Firth-Sterling Steel 


Comaines the cutting and wearing 
qualities found in the finest cutlery 
steels, with the long sought property of 





K 


resistance to rust, stain and corrosion 


Since the earliest use of steel, rust and corrosion 
have been its greatest enemies. These have been 
overcome in this remarkable 





product I 
Firth-Sterling Steel [im 
We 





cs 


FIRTH-STERLING 
STEEL COMPANY 


W orks: McKeesport, Pa. | 





5 
—— at ra 


—_ 
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R, No. 
i Furn 
NEW YORK BOSTON | HARTFORD 8 i, 
PHILADELPHIA CHICAGO CLEVELAND Dept 
DETROIT SAN FRANCISCO LOS ANGELES 4 ey 
1M Built 


sizes 
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>> 
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° & eae Ae »' »* 


. OSs ; 









When answering advertisements please mention ‘‘ Transaction» ’’ 


ADVERTISING SECTION 


Industrial Furnaces are the 
result of over 35 years of 
conscientious effort to build 
Industrial Furnaces that 
are most satisfactory. 


There are over 150 stand- 
ard types and sizes that 
cover practically every 
phase of heat-treating as ancgine eed 


9 g No. 27 Oven Furnace for 
well as many specials built heat-treating carbon 


steels. 


. Openings 6" x 12” 
without pattern charge. poenines 


Send for catalogue 85. ok Uniay dase. 


A size for your 
requirements. 


It pre-heats — while it heats 


STEWART 


Industrial Furnaces 


Chicago Flexible Shaft 
Company 


1144 So. Central Ave., Chicago, Ill. 


16 Reade Street, 943 Granite Bldg., 608 Kerr Bidg., 
New York, N. 7. Rochester, N. Y. Detroit, Mich. 


306 Sycamore Street, 1738 - 19th Street, ¢ 
STEWART Cincinnati, O. Milwaukee, Wis. = ioe Stsedaed 


No. 1 Double Deck 306 Wesley Bldg., 79 Milk Street, Pittsburgh, Pa. 
Philadelphia, Pa. Desan 9, Sten. 608 Swetland Bldg. 
‘ 4507 McPherson Ave. 768 Misson Street, Cleveland, Ohio 
Opening 5“ x 9“ St. Louis, Mo. San Francisco, Cal. 


uu 2024 Railway Ex. 
Depth 1314 4805 Park Ave. Pioneer Building, Bidg.,St. Louis, Mo. 
For gas or oil. Indianapolis, Ind St. Paul, Minn. 


Built in 5 standard Canadian Factory, 
sizes. 349 Carlaw Ave., Toronto, Ont. 





Furnace. 
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Bethlehem Hollow Drill Steel 7 


Roundjand Hexagon Hollow Drill Steel Bars 


—for Every Rock Drilling or 
Mining Requirement 


Bethlehem Hollow Drill Steel will take care of all of your 
rock or mine drilling problems economically and efficiently, 
and can be supplied in round, hexagon and quarter-octagon 
shapes. 


Other Bethlehem Tool Steels for 
Mine and Quarry Use Include 


Bethlehem Special High Speed Tool Steel; 
Carbon Tool Steel for all purposes; Bethlehem 
Stainless Steel and Bethlehem Stainless Iron 
for Piston Rods and Machinery Parts which 
come in contact with or are immersed in mine 
sulphur water or subjected to like corrosive 
conditions. 


We shall be glad to recommend for your requirements 


BETHLEHEM STEEL COMPANY, ~ General Offices: BETHLEHEM, PA. 
Sales Offices: 
New York, Boston, Philadelphia, _ Baltimore, Washington, Atlanta, Buffalo, Detroit 
Pittsburgh, Cleveland, Cincinnati, Chicago, St. Louis, San Francisco. 
Bethlehem Steel Export Corporation, Ltd., 25 Broadway, New York City 
Sole Exporter of Our Commercial Products 


BETHLEHEM 


TOOL STEEL — for every purpose 
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Most Used Py- 
eter in the World 
srown Indieat- 
ometer. Add 
Recorders to 
permanent 
temperatures 
you have the 
temperature 
equipment. 
Pyrometer 

14 and 

tic ‘Tempera- 
Control Catalog 


“NOW! 
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Feuvunded tea 1e7s 


BARR BROS’ 
Cutlery and Sack Needles 


manufactured by 
Barr Bros. Co. 
16 Seventh 8 t. 
Oakland, Calif. 


March 16th. 1925 


The Brown Instrument Company, 


Philadelphia, Penna- 
Gentlemen: 


The installation of your equipment in our 
tempering roome was a necessity,first because of 
the uniform results which were acquired by the use of 


your Pyrometers, and second begause of the economy re= 


sulting therefrom. While the experienced workman 


may have very splendid eyesight, it may fail him in 
one batch of material, resulting in a loss far in excess 
of the original cost of the equipment. 

The men like to use them, because they are 
personally reletved to some of the responsibility 
which would fall on them, were we not so equipped, and 
they place absolute dependence on the instrument. 

We have never kept account of the difference 
between the amount of fuel used before, and ate therefore 
unable to advise as to the saving, since, however we 
have observed that our men, when a given temperature is reach= 
ead, instinctively reduce the amount of gas, which in the 
course of a year is quite a saving. 


D/SEH. 


Address—The Brown Instrument Company, 4502 Wayne Avenue, 
Philadelphia, Pa., or one of our district offices in New York, 
Boston, Pittsburgh, Detroit, Chicago, Birmingham, Houston, 
Tulsa, St. Louis, Denver, Salt Lake City, San Francisco, Los 
Angeles, or Montreal. 
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Shipped and Stored without Rust 





An increasing percentage of the pipe rust. A growing number of mills are 
used for well casings and pipe lines is thus protecting themselves against 44. 
coated with NO-OX-ID—much of it is justments and their customers in the oi 
coated at the mills to insure it against fields against loss. 


In the ground three years without rust 


A pipe line coated with NO-OX-ID been inspected and found to be without 
and laid three years ago under the con- rust or pitting—an absolutely clean “bill 
ditions illustrated above has recently of health” from the engineers of the pipe 

line company. 


Investigate NO-OX-ID. Let us help you in 
overcoming your rust problems both in your 
plant and after the steel leaves your shops. 


Refer to your back file of “Transactions” for many other applications. 


Dearborn Chemical Company 


310 South Michigan Avenue CHICAGO 
299 Broadway NEW YORK CITY 
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RULES GOVERNING THE AWARD OF THE HENRY MARION HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established a 
fund to be known as the Henry Marion Howe Medal Fund, the proceeds of which shall be 
used annually tc award a gold medal to be known as the Henry Marion Howe Medal. 
The award will’ de made as follcws: 


(1) The medal will be awarded to the author ¢f the paper which shall be judged to 
be of the highest merit. All papers in order to be considered must be published originally 
in the TRANSACTIONS of the Society during the twelve months ending August Ist of 
the year in which the medal jis awarded. 

(2) The competition for the Het.ry Marion Howe Medal shall Le cpen to all. 

(3) The award shall be made by the Board of Directors. 


(4) The award may be withheld at the discretion of the Board of Directors. 
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each year for the promotion of its objects 
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D. Nuttail Company J. W. Weitzenkorn Cc. G. Shontz 

Pittsburgh, Pa. E. C. Smith H. G. Peebles 
DuRay Smith Elmer Larned 


SUB-COMMITTEE ON 
MEASURING CASE DEPTH 


ROCKWELL, Chairman Members: 
112 High Street F. C. Raab 
Hartford, Conn. B. F. Shepherd 
R. W. Woodward 
SUB-COMMITTEE ON 
CARBURIZING GEARS 
RAAB, Chairman Members: 
Brown-Lipe-Chapin Co. L. M. Fenner 
Syracuse S. C. Spalding 
M. A. Allen 
Leon Slade 
H. M. Northrup 
E. C. Smith 


CO-OPERATIVE COMMITTEES 


| Research Council, Division of Engineering A. E, White 
partment, U. 8S. A. H. J. French 
ry, Bureau of Standards T. D. Lynch, A. E. White 
f Mines, Drill Steel Investigation H. S. Brainerd 
Nomenclature with A. S. T. M. and §S. A. E. J. E. Halbing 
b Committee XIV on Tool Steels of Comm. A. 1, A. S. T. M. W. M. Mitchell 
erican Society of Mechanical Engineers, Committee on Research in the 
Machine Tool Industry H. J. French, Frank Garrett 
nal Research Council, Division of Engineering, Committee on Hardness 
Testing R. T. Bayless 
tional Committee on Steel Specification Numbers, S. A. E., A. 8. T. M. A. P. Spooner 
rch Committee on Springs, A. 8. M. E. J. W. Rockefeller, Jr. 
onal Committee on Specifications for Zine Coating of Iron and Steel, 
A. 5. 2. ae ae On ee H. M. Boylston 
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Chapters and Officers 


BOSTON CHAPTER 

V. O. HomerperGc, Chairman, 
Massachusetts Institute of 
Cambridge. 

G. C. Davis, Secy.-Treas., 
Heat Treating Equipment 
79 Milk St., 
Boston. 


BUFFALO CHAPTER 

G. J. Armstrone, Chairman, 
Columbus-McKinnon Chain 
Yonawanda, N. Y. 

B. CLEMENTS, Secy.-Treas., 
Curtiss Aeroplane & Motor 
Buffalo, N. Y. 


CHICAGO CHAPTER 

R. G. Guturig, Chairman, 

People’s Gas Light & Coke Co., 
Chicago. 

Artuur G. Henry, Secy.-Treas., 
Perfection Tool Hardening Co., 
1742 West Austin Ave., 
Chicago. 

Phone, Haymarket 2025. 


CINCINNATI CHAPTER 

Dr. J. C. Harrzeut, Chairman, 
Blue Ash, Ohio. 

Frep L. Martin, Secy.-Treas., 
705 Elm Street, 
Cincinnati. 


CLEVELAND CHAPTER 
H. A. Scuwartz, Chairman, 


National Malleable Castings Co., 


Cleveland. 

A. S. Townsenp, Secy.-Treas., 
Cleveland Twist Drill Co., 
Cleveland. 


DETROIT CHAPTER 

W. G. Catkins, Chairman, 
1927 Burlingham Ave., 
Detroit. 

Rost. ATKINSON, Secy.-Treas., 
Halcomb Steel Co., 
Detroit. 


GOLDEN GATE CHAPTER 

P. L. Bannon, Chairman, 
Pacific Gear and Tool Works, 
San Francisco. 

D. Hanson Gross, Secy.-Treas., 
15 Spear Street, 
San Francisco. 


HARTFORD CHAPTER 

B. S. Lewrs, Chairman, 
Stanley Works, 
New Britain. 

E. D. Lampert, Secy.-Treas., 
Underwood Typewriter Co., 
Hartford, Conn. 


INDIANAPOLIS CHAPTER 

W. R. Cuapin, Chairman, 
E. C. Atkins & Co., 
Indianapolis. 

H. A. Maves, Secy.-Treas., 
Arsenal Technical School. 
Indianapolis. 


LEHIGH VALLEY CHAPTER 
A. P. Spooner, Chairman, 
Bethlehem Steel Co., 
Bethlehem, Pa. 
B. F. SHepuerp, Secy.-Treas., 
- Ingersoll-Rand Co., 
Phillipsburg, N. J. 


LOS ANGELES CHAPTER 

C. A. STILEs, Chairman, 
1729 Virginia Place, 
S. Pasadena, Calif. 

E. C. Buack, Secy.-Treas., 
Baker Iron Works, 
Los Angeles. 


MILWAUKEE CHAPTER 

H. J. Stein, Chairman, 
Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 

T. A. Moorman, Secy.-Treas., 
Kinite Co., 
Milwaukee, Wis. 


NEW HAVEN CHAPTER 

J. 8. Gravety, Chairman, 
Winchester Repeating Arms | 
New Haven, Conn. 

W. G. AvuRanpb, Secy.-Treas., 
R. Wallace & Sons Mfg. Co., 
Wallingford, Conn. 


NEW YORK CHAPTER 

E. E. Tuum, Chairman, 
34 Aubrey Road, 
Montclair, N. J. 

T. N. Houpen, Jr., Secy.-Treas., 
E. W. Bliss & Co., 
53rd & Second Ave., 
Brooklyn. 


NORTH-WEST CHAPTER 

G. C. Priester, Chairman, 
University of Minnesota, 
Minneapolis. 

ALExis CASWELL, Secy.-Treas., 
Manufacturers’ Club of Minn 
200 Builders’ Exchange Blig 
Minneapolis. 


PHILADELPHIA CHAPTER 

H. C. Kywerr, Chairman, 
Naval Aircraft Factory, 
Philadelphia. 

A. W. F. Gregn, Secy.-Treas. 
John Illingworth Steel (‘o., 
Philadelphia. 
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GH CHAPTER SPRINGFIELD CHAPTER 
LLEN, Chairman, P. W. OLiver, Chairman, 
Bennett St., 185 Northhampton Ave., 
rgh. Springfield, Mass. 

KER, Secy.-Treas., E. L. Woops, Secy.-Treas., 
Linden Place, Springfield Gas Light Co., 
Pittsburgh. Springfield, Mass. 


ST. LOUIS CHAPTER 
F. G. Wuits, Chairman, 
‘ISLAND CHAPTER National Enameling & Stamping Co., 
\NKLIN, Chairman, Granite City, Ill. 
Whittier Ave., T. A. OBERHELLMAN, Secy.-Treas., 
ence, Lincoln Electric Co., 
rERSON, Secy.-Treas., St. Louis. 
lence Gas Co., 
eT SYRACUSE CHAPTER 
S. C. Spatpine, Chairman, 
Haleomb Steel Co., 
Syracuse, N. Y. 
-OCHESTER CHAPTER G. A. GiueGErR, Secy.-Treas., 
R B. KNIGHT, Chairman, 360 Cortland Ave., 
North East Electrie Co., Syracuse, N. Y. 
Rochester. eae 
MARSHALL, Secy.-Treas., TORONTO CHAPTER 
North East Electric Co., W. J. Buair, Chairman, 
Rochester. 104 Mount View Ave., 
Toronto, Ontario. 
M. V. WILLARD, Secretary, 
473 West Marion St., 
\OCKFORD CHAPTER Toronto, Ontario. 
.RLES Corta, Chairman, Pror. O. W. Euuis, Treasurer, 
Cotta Gear Co., 121 Howland Ave., 
Rockford. Toronto, Ontario. 
B, FREDERICK, Secy.-Treas., 
810 Haskell Ave., TRI CITY CHAPTER 
Rockford, HAROLD Brown, Chairman, 
Reynolds Engineering Co., 
Rock Island, Il. 
C. F. Scuerer, Secy.-Treas., 
SCHENECTADY CHAPTER Davenport Machine & Foundry Co., 
B. H. MacitL, Chairman, Davenport. 
erican Locomotive Co., 


AY —— 
Schenectady. WASHINGTON CHAPTER 
s TayLor, Secy.-Treas., H. W. GILLert, Chairman, 
American Locomotive Co., Bureau of Standards, 
Schenectady. Washington. 
W. H. Whites, Secy.-Treas., 
1223 Pennsylvania Ave., S. E., 
Washington. 


AME 


SOUTH BEND CHAPTER 


D 


Rk. E. Lewroy, Chairman, WORCESTER CHAPTER 
Studebaker Corporation, P. A. Porter, Chairman, 
Plant No. 2, Morgan Construction Co., 
South Bend. Worcester, Mass. 

V. A. Crossy, Secy.-Treas., R. J. PHELON, Secy.-Treas., 
Studebaker Corporation, Worcester Gas Light Co.. 

South Bend. Worcester, Mass. 
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Hoskins Thermocouples | @ 


Aare aapure 
| to with 


5: 


over their \ 
entire life 





CARRERE NWA 


Hoskins-Chromel thermo-couples 
are guaranteed to be accurate 
within +15° F., yet Maxwell- 
Chrysler finds them to be accu- 
rate within 5° F. The Ford 
Motor Company says: “WE 
CHECK EVERY COUPLE, 
BUT FIND ONLY A VERY 
SMALL PERCENTAGE OUT 
MORE THAN 10° F.” 


Isn’t it gratifying to find that 
actual performance exceeds the 
guaranteed performance? In con- 


servatism, there is safety for both, 


the seller and the buyer. 





ener? 





In regard to durability, Mr. Banks 
says that Chromel couples last 
from six months to a year, de- 
pending upon the application. 
This durability and accuracy is 
confirmed by the largest users of 
pyrometers in the country. It ex- 
plains why CHROMEL couples 
are so widely used. 


Use Hoskins’ Pyrometers and get 
these advantages, or ask your py- 
rometer manufacturer to change 
your present equipment to fit 
CHROMEL couples. It will save 
you money. 


HOSKINS MANUFACTURING CO. 
4430 Lawton Ave., Detroit, Mich. 
Canadian Rep.: Hiram Walker & Sons Metal Prod., Ltd., Walkerville, Ont. 
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dhe 49" SWORD FOR ‘a IARCK’ 


Ce ir oo _ 






















When Bismarck’s sword was 
made, Paul Dinger was the only 
man who would undertake to 
please the Iron Chancellor. His 
first forty-eight efforts failed. 
The “forty-ninth,”—the blade de- 
stined to point the militaristic 
way to Napoleon’s fall at Sedan 
and to the German Empire, was in hardness, temper, ‘end flexi- 
bility, fully up to Bismarck’s demands. 






What percentage of your heat treating 
comes up to your highest standards? 


Lavite makes heat treating an exact science. Instead of an ex- 
ceptional one piece out of fifty, Lavite insures maximum perform- 
ance for every piece. With this heating medium, a body of metal 
can be heated to an exact temperature with no local overheating at 
an exactly reproducible rate. 











Just think what this means! 


lt means that when a piece, heated with Bellis Lavite, gives ex- 
ceptional performance, its heat treatment can be exactly repro- 
duced. No more experiment, no more rejections. 


The one best treatment for any piece may be developed from 
small but exact variations of treatment. 


Let us show you by treating a few samples of your own product. 


The Bellis Heat Treating Co., Branford, Conn. 


BELLIS LAVITE 


(Patented) 
The new medium that makes Heat Treating an Exact Science 
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| Our Electric Pot Furnaces 


In daily operation, have proved, that the 
QUALITY of work — productive EFFICIENCY 
— and ECONOMY of operation, have never bee; 
equaled by any other type furnace. 


FOR — 

Lead Cyanide — 

Salts — White Metals 
POTS — 

Standard Sizes 

8" to 20" Dia. 

10" to 24" Deep 

or Rectangular 


iil li tia ala lt 


RATING K. W.— 
15 — 20 — 30 
or larger 


CAPACITY - 
60 to 250 lbs. of 
Steel Per hour to 

1500° Fahr. 


TEMPERATURE — 
Rang:: 
to 1750° F 


AUTOMATIC 
CONTROL 








Heating Elements Are Protected By Separate Fuse 


Q-Alloy Pots Have Been In Constant Use Over 7000 Hours, 
Without Detenoration | 


WE BUILD ELECTRIC FURNACES FOR ALL 
PURPOSES, TO OPERATE TO 1850°F. 


Let Us Quote On Your Requirements 


American Metallurgical Corporation 
168 Dartmouth Street 
BOSTON, MASSACHUSETTS 


= 
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THE 


BOX BULLETIN 
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Published by 
General Alloys Co. 


Edited by 
H. H. HARRIS 


“You have not read 
Transactions until 
youve read _ The 


BOX BULLETIN” 
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TRANSACTIONS OF THE A. 8. 8. T. 
BOX BULLETIN SUPPLEMENT PAGE II 


In the pages of Transactions, April and May Issues, a Manufacturer of low priced allo 
has advertised, a number of ‘‘Satisfied’’ users of their alloy. 

As, with one exception, these concerns are large customers of ours, or Standardize 
on Q-Alloy, the use of their names is misleading to our friends and prospects 

We have always understood it was their wish, and we have religiously respected it, tha 
they did not wish their name used in any advertising literature. 

The concerns advertised were: 

The Ford Motor Company. 

We refer you to this company for the facts involved. 


Dodge Brothers. 


The ‘‘partial shipment of boxes to Dodge Bros.’’ advertised is part of an order for li 
boxes. There are over two thousand Q-Alloy castings in this plant som i 
have run four years. 


Studebaker Corpn. 


The ‘‘ partial shipment’’ to this company is a trial order. There are over eig!i 
Q-Alloys castings in this company’s plants some of which have run four years 
Although the concern advertising these users is located in Detroit, Tl. 
Q-Alloy boxes in use in the Detroit territory to one of the low priced Alloy advertis 
In no single plant has a low priced alloy ever compared favorably with Q-Alloy Boxes 
While mentioning the Detroit Territory, admittedly the largest Carbonizing lox marke 
in the World, it is opportune to state that: 


DURING THE PAST YEAR THERE HAVE BEEN TWICE AS MANY Q-ALLOY 
“CARBONIZING BOXES SOLD IN THE DETROIT TERRITORY AS ALI (0\ 
PETITIVE ALLOY CARBONIZING BOXES COMBINED. 


We don’t care a darn how many foolish or incorrect statements are made in '! 
so long as we are permitted to place the facts before our readers. 


deter. 


“ 
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ed alloy 


ndardige 


| it, tha 


Box ran 1,420 hrs. over guaranteed Rewelded with Q-Alloy it is given a new 
cracked, lease of life. 


«MELDING OLD BOXES TO MAKE THEM NEW 


to benefit by serving others,—to turn Customers’ Satisfaction into next year’s 


part of a sound business policy. 
instruets its Sales Engineers: 


Customer the lighest possible boxes, and the least amount of Q-Alloy that 


s job efficiently,—don’t sell heavy boxes or ‘load up’ a customer,.’’ 


iarantee is merely ‘Insurance’ of MINIMUM LIFE, all Q-Alloy boxes should 
longer than the guarantee. Help the user get the utmost life out of his 


“juipment,—make it double the Guarantee if possible. 


Policy, which is merely Good Business, we have developed the Welding 
ugs to the point that it is now possible to get from 1,000 to 3,000 hours 


nal life from many Q-Alloy Boxes, after they are pronounced ‘‘ Unfit for 


Welding rods of our standard mixture, and suitable flux to any of our 


id in their own plants. 
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cost the 


‘* Knife-Edge’’ Q-Alloy Enamel Burning Racks 4 ft. to 5 


weight 17 to 23 ibs. 


At least one Concern supplying the. enameling trade can supply light, uni 
ing burning racks. These Q-Alloy racks are malleable, not brittle, and ar 
of the ‘‘Cheap’’ alloys supplied the enameling trade as Q-Alloy boxes are ali 


Carbonizing Box field. They are cast in one piece and they will stay that 





ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT PAGE V 


CHARTS 


rE have been highly amused by some charts appearing in the advertising 
section of the last TRANSACTIONS. These charts showed how an Alloy 
ysting 40¢ per lb. cost less on the basis of 7,000 heat hours than higher priced 


ilovs, Q-Alloys, of course, being included, as the chart was all-embracing. 


The author of these ** Charts”’ started by comparing low priced Alloys and high 


mie alloys on the basis of even weights and assuming that the ‘‘Cheap’’ 


lov (whose manufacturer, of course, wrote the charts) runs 7,500 heat 


‘nroving’’ that an alloy box at 40¢ per pound which runs 7,500 heat 
hours is cheaper per heat hour than an alloy box at 85¢ or more per pound 
hat runs only 7,5CO heat hours. All of which simply proves that it is as 


psy to write fairy tales in the form of charts, as in any other form, 


POkR—NO ALLOY CARBONIZING BOX AT 40¢ per lb. AND 3 
RVER RAN 7,500 heat hours OR ANYTHING LIKE IT.. 


A" section 


ur contention is this:—(If you want facts to prove it write on your letter. 


reac 


0% of the earbonizing boxes of average size manufactured by any 


“Cheap’’ Alloy maker to meet Q-Alloy weights in °%” section have failed 


utterly in less than 2,000 hours. 


Jo% of all ‘*Cheap’’ Alloy boxes weigh from 10% to 150% more than 


()-Alloy boxes of the same cubic content. 50% excess weight is a low 

igure to set as an average. 

. Taking 50% inereased weight the 40¢ alloy weighing 50% more would 

cost the same as a properly designed light weight box at 60¢ Ib. 

BUT: WITH ANY GIVEN NUMBER OF BOXES, assuming that the 
charge weighs the same as the box (the charge is usually much 
lighter), you will inerease the total weight of your furnace 

charge 25% to turn out the same amount of work. In addition 

you will increase your heating time one to three hours and your 
fuel bill in proportion, REDUCING YOUR PLANT CAPACITY 

Or 


20% or more. 


hen ansuciing adverliscniuts plodse mention ‘* Transactions’? 
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CHARTS. (Cont'd) 


D. EVEN WITH THE 50% INCREASED WEIGHT \\\)) ONE 
ALLOY BOX IN FIVE WILL RUN 4,000 hours. A LAR [2 yy \IR 
WILL CRACK IN LESS THAN 500 hours. 






















THE 40¢ ALLOY BOXES ARE NOT GUARANTEED A \{ J, y 
ARE HOLDING THE BAG, AND THE $$$$$ YOU STAN) To 
ON HEAT HOUR COSTS ARE SECONDARY TO WHA’ you w 
LOSE IN PLANT EFFICIENCY. 


THE 
CAR 






You can get 7,500 hours’ life from a steel box if you make it 4 


enough. The same is true of cheap alloy. Make ’em thick enoyu 
they'll last a lifetime. But you don’t want thick boxes, if you're | 


THA 


to heat ’em, and are blessed with common sense. 






You are living in an age where more and more brains are being 


with metals to make one pound do the work of two. The Best steels 
invariably the cheapest in the long run. Good alloys, like good sh ' 


are worth the price. 














Propaganda of retrogression is detrimental to every sound busit 


THE 
CAT 
SING 
“L ¢ 


principle and injurious to industry as a whole. The Railroads will n 
be run by dollar watches. Neither will any large amount of carbo 
in modern plants ever be done in Carbonizing boxes of such low qua 
that they sell at 40¢ per lb. 


MAYBE YOU ARE FROM MISSOURI,—YOU WANT FACT 
DON’T WASTE YOUR BOSS’S MONEY EXPERIMENTING WI 
CHEAP BOXES, BUT SPEND 20¢ FOR POSTAGE AND WR 
THE TEN LARGEST MANUFACTURERS IN DETROI', OR 1 
TEN LARGEST AUTO BUILDERS AND LEARN TH! RESU 


OF THEIR TESTS OF THESE CHEAP 40¢, 50¢, 60¢ and Te allo (MEA 





Krir |i 





NO CORRECT ANSWERS RECEIVED TO LAST CROSS WOR) PTZ 


— 
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BOX BULLETIN 
WE'LL SAY IT AGAIN, IN LARGE TYPE 


\ND WE HOPE YOU WILL REALIZE 
THE FULL SIGNIFICANCE 


SUPPLEMENT PAGE VII 












THERE WERE MORE Q-ALLOY 
CARBONIZING BOXES SOLD 
SINCE. JANUARY. Ist 
THAN ANY OTHER ALLOY 










WE’LL ADD ANOTHER FACT—THUS 





THERE WERE MORE Q-ALLOY 
CARBONIZING BOXES SOLD 
SINCE, JANUARY Ist THAN ALL 
“LOW-PRICED” ALLOYS 
COMBINED 


(MEANING ALL ALLOYS FROM 20c TO 70c LB.) 













Are we cheating the public, or do American Buyers 





ULT, 


recognize value? You decide. 
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BULLENS. Steel and Its Heat Treat- 
ent. s 
o Denison K. Bullens, Consulting 









Metallurgist; President, D. K. Bullens 
Co. Second Edition. 483 pages. 6x9. 
Se cb 6 oS ent net $4.00 


985 figures. 


















































CONTENTS The Testing of Steel. The 
Senctur f Steel. Annealing. Hardening. 
E Tempering and Toughening. Case Carburizing. 
( » Hardening. Thermal Treatment. Heat 
Coneratiol Heat Application. Carbon Steels. 
Yickel Steels. Chrome Stecls. Chrome Nickel 
Geols Vanadium Steels. Manganese, Silicon 
ind Other Alloy Steels. Tool Steel and Tools. 
yjscellaneous Treatments. Pyrometers and Crit- 

‘ol Range Determinations. 
FAY. Microscopic Examination of 

Steel. 


‘By Henry Fay, Professor of Analyti- 
Chemistry and Metallography, 
fassachusetts Institute of Technol- 
82-pages. 6x9. 1 figure and 55 
tomicrographs. Cloth..net $1.50 


CONTENTS—Slowly Cooled Steels. Rapidly 
Steels Annealed Steels. Non-Metallic 
Impurities. Microstructure. Slag. Streaks. Heat 


Treatment. Composition. The Effect of Work 


1 Size. 10-inch Rifle, Model of 1895. 
lt-inch Gun Lever. 12-inch Navy Gun.  Pol- 
igh Et h ing. 

TRINKS. Industrial Furnaces. Prin- 


ciples and Furnace Calculations. 
By W. Trinks, M. E., Consulting En- 


sineer, Professor of Mechanical En- 
gineering, Head of Department of 
Mechanical Engineering, Carnegie In- 
titute of Technology. Volume J]. 
}pages. 6x9. 255 figures. Cloth. 
1000 0a ee weet as net $4.50 
CONTENTS—Introduction. Heating Capacity 
of Furnaces. Fuel Economy of Furnaces. Heat- 
Swing Appliances in Combustion Furnaces. 
Strength and Durability of Furnaces. Movement 


{ Gases in Furnaces. 


RODENHAUSER — SCHOENAWA — 
VOM BAUR. Electric Furnaces in 
the Iron and Steel Industry. 

By Dipl. Ing. W. Rodenhauser, E.E., 
md J. Schoenawa. Translated from 
the Original and Rewritten by C. H. 
Vom Baur, E.E., Formerly Chief En- 


RK 


reet gineer, American Electric Furnace 
Is ‘ompany. Third Edition, Revised. 
suildin 


ADVERTISING 


READ THIS 


list of worth while books and order to-day. 


‘ study of its contents will 


SECTION 


460 pages. 6x9. 133 figures. Two 
full-page plates. Cloth..... net $4.50 


Thoroughly describes electric furnaces designed 
solely for the iron and steel industry, written 
from a practical standpoint by practical men. 
Deals first with the construction and_ the 
apparatus, and second, with the practical use of 
furnaces and their metallurgical reactions. 


HULTGREN. A Metallographic Study 
on Tungsten Steels. 
By Axel Hultgren, Chief of Research 
Laboratory of A. B. Svenska Kulla- 
garfabriken (S. K. F.), Gothenburg, 
Sweden. 95 pages. 6x9. 5 full- 
page diagrams, 76 photo-micrographs. 
ic baeewrertccé cer eee mb eee net $3.00 


CONTENTS—Part I. The Transformation of 
Tungsten Steels During Different HWeut Treet- 
ments and the Structures Thereby Formed. Part 
IIT, Carbides in Tungsten Steels. Supplement 
Concerning Carbides in Other Alloy Steels. Ap- 
pendiz: Investigations on Tungsten Steels by 
Honda and Murakami. 


JOHNSON. Rapid Methods for the 
Chemical Analysis of Special Steels, 
Steel-Making Alloys and Graphite. 

By Charles Morris Johnson, Chief 
Chemist and Director of Research De- 
partment, Park Steel Works, Crucible 


Steel Company of America. Third 
Edition, Revised. 552 pages. 6x9. 
$e. merem,  HEOER, 6.< wwinc cee net $6.00 


An unusually thorough revision, including all 
of the important new metals as well as new 
methods for the analysis of older ones. Anyone 
who knows general chemistry can follow the 
author’s instructions and get real results. 


BACON—MARKHAM. Forge-Practice 
and Heat Treatment of Steel. 
By John Lord Bacon, Instructor in 
Forge Practice and Machine Design, 
Lewis Institute; and Edward R. Mark- 
ham, Consulting Engineer. Third 
Edition, Revised and Enlarged. 418 
pages. 5x74. 400 figures. Cloth. 
uth ak sla Ho tinn osha de Ras net $2.50 


Covers heat measuring and hardness testing 
instruments, various modern appliances, and the 
installation of up-to-date systems. Intelligent 
lead to the broader 
knowledge of heat-treating methods which is now 
required of the man actually doing the work. 


See pages 74 and 75 Adv. Sec. 


Send order and check to 


AMERICAN SOCIETY for STEEL TREATING 


4600 Prospect Ave. 
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You should have 


STOUGHTON. Metallurgy of Iron and 


Steel. 
New third edition, thoroughly revised, 
248 illustrations, 576 pages, 6x9. 
2:09 0 0.0 +g aN mls 0.0 GUE bh 9 8am 09.4 $4.00 


A thorough treatment of the characteristics, 
metallurgy and production of iron and steel. For 
many years this book has been the standard 
guide for engineers, metallurgists, chemists, 
foundrymen, and iron and steel plant execu- 
tives. Much new material has been added to 
the chapters on Mechanical Treatment, Foundry, 
Constitution of Iron and Steel, and Heat Treat- 
ment. This book is essentially a handbook on 
the characteristics and production of iron and 
steel in all its phases. 


JEFFRIES and ARCHER. Science of 
Metals. 


200 illustrations. 500 pages. 6x9. 
Bb cRbtanenengsnscsaesecchdoun $5.00 
CONTENTS — Introductory; Electrons, Atoms 


and Molecules; Crystalline Structure of Metals; 
The Amorphous Metal Hypothesis; Grain Growth 
and Recrystallization; Mechanical Properties of 
Metals; Compounds of Metals; Metallic Solid 
Solutions; Constitution of Alloys; Structure and 
Properties of Aggregates; Hardness of Metals; 
Hardening of Steel. 


HALL. Steel Foundry. 


New second edition, 55 illustrations. 
See WN, ls < woes psa tanees $4.00 


CONTENTS—I. Introductory; II. General Con- 
siderations Governipg the Choice of a Method of 
Steel Making; III. The Crucible Process; IV. 
The Bessemer Process; V. The Open Hearth Proc- 
ess; VI. The Electric Furnace; VII. Summary, 
Special Deoxidizers, Ladles; VIII. Moulding, 
Pouring and Digging Out; IX. Heat Treatment 
and Annealing; X. Finishing, Straightening and 


Welding; XI. Laboratories; XII. Building Up 
Impurities in Steel. 
SISCO. Technical Analysis of Steel 


and Steel Works Materials. 
543 pages. 6x9................$5.00 


The aim of the book is fivefold: 1. To give 
to the routine analyst who hopes to advance, 
the best known methods for the analysis of spe- 
cial steels and steel works materials and a 
bird’s-eye view of the problems encountered in 
operating a routine laboratory. 2. To emphasize 
the need of speed in analytical control. 3. To 
give the industrial chemist the best, simplest 
and most rapid methods for the analysis of any 
sample of steel or steel works materials that he 
may encounter. 4. To give to the college stu- 
dent in metallurgical chemistry the methods of 
steel analysis with emphasis on, not how the 


work should be done, but how it is done, in the. 


works laboratory. 5. To give to the steel worker, 
from furnace helper to general superintendent, an 
account, readily comprehended, perhaps, of the 
steel laboratory and its problems. 


MORE BOOKS 


S. T. 





in your Library 


STANSFIELD. Electric | 
Iren and Steel. 
139 illustrations. 456 


eeoeoeeee eee eee eseeeeeeese 


CONTENTS — History and § 
lurgy of fron and Steel; k] 
Electric Smelting of Iron Or 
Indirect Electric Smelting of 
Ferro-Alloys and Their Product 
tric Furnace; Production of Iro: 
Metallic Materials in Electric | 
Are Furnaces for Making Ste 
Resistance Furnaces;  Electri: 
and Welding. 


TIEMANN. Iron and Ste: 
New second edition. 514 
ble pocket size, illustrat. 


This is a dictionary, an ency: 
book on iron and steel all in 
lurgist, the mill superintendent, 
man will find it of daily use 
sents nearly 8,000 terms and det 
esses and equipment so arranged 
find exactly what you want qu 
together and translates the var 
of the mill, the laboratory and | 
those who use steel, for those 
steel and steel products, and fo: 
steel, it is a valuable guide to | 
formation as to processes and 
new second edition is almost tw 
the first edition. The chief inc: 
is due to more extended discuss 
such as heat treatment, physical 
testing, and to numerous 
more theoretical aspects of the s 
larly those included under meta! 


COLVIN and JUTHE. 
Steel. 
123 illustrations. 


eee eeeeereeereeee eee eeee 


CONTENTS—Steel Making; 
Properties of Steels; Alloys an 
Upon Steel; Application of | 


Materials to the Automotive Indus 


ing of Steel; Annealing; Case-Ila 
face-Carburizing; Heat 


Steel; Furnaces; Pyrometry and 
MARKS. Mechanical 
Handbook. 
Second edition, 
2000 pages, 414x7, 
SUMO MES Ue sce cee. 
SCHELL. ° 
Control. 
130 pages. 6x9........- 


CONTENTS — I. 
Tools; III. Executive 


Introductory 
Control 


Stimulation; V. Executive Duties 


culties with Subordinates; VIII 
Superiors and Associates. 


Send Order and Check to a 
AMERICAN SOCIETY for STEEL TREATING 


Cleveland, O. 


4600 Prospect Ave. 
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ADVERTISING 





SECTION 


NEW 


- THE 


95.0) ) 
feta | 
“4 ROCKWELL DILATOMETER 
nl | Another offering to the Heat-Treating Industry by Stanley P. Rockwell, in- 
t yentor of the 
“ROCKWELL HARDNESS TESTER”’ 

will be exhibited at the Cleveland Show. 
an A practical and exact method for hardening tools, dies, gears, etc. 


ta = | = 
a E as 
at co 
\s D | - 
~ = 
- . - 
- “= 
BY ‘i 
ql a cm 
<a ROCKWELL DILATATION CURVE| * 
- Hardening Record of ° 
5 e Carbon Steel Milling Cutter - 
- 378” long - 
/ fa” diamefler - 
ing @ = 716° hole through center = 
~ ~ 
Ox s = 
90.0 = ft ~ 
‘ = | va ee ve 
= 
. e 2 3 4 Dial Fre volutions os 
val 2 / re Revolution = 0.2 inillimeter Length Change - 
ee oe 
Spee C. righted /725 by 
"oe 7 The “Cyanley P. Rochwel/ Co = 
leeFin a |] TT | | TTT] - 
\ —Representing original size of tool. 
$6 0 A-B—Tool absorbs heat from furnace heated from a previous operation. 
= B = Furnace heat again applied. 
ecutiv B-C—Expansion continues. 
; C-D—Transformation continues. 
$1.7 ) —Re-expansion begins. End of critical range. 
Executi D-E—Re-expansion allowed to continue, depending on type of steel, use of tool, 
= a and quenching media. 
an ai E —Tool, die or gears quenched. 


THE STANLEY P. ROCKWELL CO. 


112 HIGH STREET - HARTFORD, CONN. 
New England's Heat-Treater’s Supply House 
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TRANSACTIONS OF THE A. 8. 8. T. 


® Show Vis Colors 


LL MEMBERS of the A. S. S. T. should make a practice of wearing th: Society 
emblem. It is neat and inconspicuous and immediately conveys the information that 
the wearer is a progressive individual and a member of a live, wide awake organization 
The pin is in black and gold as shown above, with safety fastener, and will be mailed 
post paid upon receipt of $1.00. ; 


AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave. Cleveland, 0 


No Initiation Fee 


Application for Membership in the 


American Society for Steel Treating 
4600 Prospect Ave., Cleveland, Ohio 


(See opposite page for Classification and rate for dues.) 


; e * ° b . ° . 

I hereby make application for (Member Geslatning } membership in the Society, and 
agree, if elected, that I will be governed by the Constitution, By-Laws and Rules of 
the Society as long as I continue a member. I furthermore agree to promote the ob- 
jects of the Society so far as it shall be in my power. $5.00 of my dues is for one 


year’s subscription to The Transactions of the American Society for Steel Treating, 


The annual dues for membership and the annual contribution for Sustaining 
members shall be as follows: 


BE NS © inchetthw giincnubcetguinirh iepdttiiaotnnee $10.00 

RGR. acti th ecininbie ned bbs bauena 15.00 

NT | I | cheenbndeatertn doch sdcive tetra tidncgsinn pinnae ainecnahe 2.50 

For Sustaining Member, not less than ~.--.-~---~-- 25.00 
ee ee 


I ai cratic caine ceaerceliatinrneinniadmaimmmmianiiitiaiinees MMOD ciecitininnw anne ------------ 


Are you in the Sales Department ?__.....-.-.--_-----.-------------------------- 
Title or Position with Said Firm... 1... 2-2 is -------- sacle 
To which Chapter do you wish to belong! Poe - nnn = - == - = --- -- == 


Bndoreed by «2222225225252 25s oe and se due doen se-oess----- Member 
If candidate does net know any member of the Socicty, a reference will he satisfactory 
BPE «< daccisccdnkesscadé.c<c5ts ssc inemndeamnpen---------"" 


All members in good standing will receive the Society’s publications, which contain papers 
presented at the chapter, sectional and annual meetings. 


When answering advertisements please mention ‘‘ Transactions ’’ 
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ADVERTISING SECTION 


SERVICE FOR MEMBERS 









t . ° : ' . 
(he Library Bureau of the American Society for Steel Treating is operated to give to the 
quickly, reliably and at the minimuwn espense the following service: 
1. A complete copy of the magazine article referred to in any periodical you may be 
A Translation of foreign articles that would help you with your work. 
A list of references to books and articles on any metallurgical subject. 
) 4. Informing the members of new articles of interest tu them as an engineer. 
Che Library Bureau makes the entire field of literature available to every member, distance 
nated, for it will copy the desired information and send it to you. It also helps the 
man by supplying information without any expenditure of his time. The charge for this 
rsonal work is merely its cost. 
Ihe Library Service does not obtain any profit from the work, but does this to make the 
nformation contained in the large libraries with which it has connection available to every 
mber. ‘The rates are as follows: 
Photo Print Copies of articles, drawings, etc., 25e per 10x14-inch sheets. 
Searches, abstracts, etc., $2.00 an hour. 
Translations, $6.00 per thousand words for Frenclk or German; $7.50 and upwards 
for other languages. 
Reference card service, giving reference to current magazine articles, $10.00 a year 
in advance, and 5c for each card mailed. 
and Members desiring to avail themselves of this service should address Library Bureau, 
American Society for Steel Treating, 4600 Prospect Ave., Cleveland, Ohio. 
oS OF 
€ ob 
one E 
ting. 
ining 
CLASSIFICATION OF MEMBERSHIP 
AMERICAN SOCIETY FOR STEEL TREATING 
The following paragraphs from the Constitution should enable you to properly fill the application 
n opposite page: 
Art. IV. Section 1. (ce) ‘‘A MEMBER shall be a person, twenty-one years of age or over, who is 
engaged in work related to the manufacture or treatment of metals, or the arts connected 
ie therewith, and who is not a member of the sales department of any organization which 
manufactures or deals in materials, supplies or equipment of any nature whatsoever used in 
a such arts,”’ 
Dues $10.00 per annum, 
(d) ‘An associaTgE shall be a person, at least twenty-one years of age, who is engaged 
Pre in work related to the manufacture or treatment of métals, or the arts connected therewith, 
= and who is a member of the sales department of an organization which manufactures or deals 
n materials, supplies or equipment used in such arts.”’ 
— Dues $15.00 per annum, 
b SP os (ec) ‘“SusTaINING MEMBERS shall be those persons, firms or corporations, who, because 
of exceptional interest in the work of the Society, contribute the annual dues of Sustaining 
a Members as hereinafter set forth.’’ 
i Membership in this class will be awarded to those who contribute not less than $25.00 yearly, 
ind will be acknowledged by printing the name of the donor in each issue of the Society’s Transactions 
ant under the caption “Sustaining Members.” 
nine Art. IV. See. 1. (f) ‘“‘A guntor shall be a person interested in, or engaged in, work related to 
the manufacture or treatment of metals or the arts connected therewith, who is either (1) in 
---- attendance as a student at some institution of learning, or (2) under twenty-one years cf 
age,” 
ember il a 2 pod ; 
ues $2.50 per annum. This fee includes subscription to The Transactions and Data Sheets. 
All dues are payable immediately upon notification of election to membership and are for one 
ae Jeir from date of said election. Following payments are due upon same date each year. 
papers 






If a member desires, his dues may be paid in two equal installments. 
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Carbofrax Brings the Heat to Your Ware 
Eight Times as Fast as Fireclay 


— is no othet commercial refractory material that has the 
remarkable heat conductivity of Carbofrax—the Carborundum 
Refractory. 


With Carbofrax hearths in your heat-treating furnaces you are 
assured of a uniform flow of heat which is reflected in the more 
uniformly heated ware—in the saving of fuel and increased general 
efficiency of the furnace. 


With a Carbofrax hearth you can bring the furnace up to heat 
much quicker and you can hold it there. 


Carbofrax hearths will not soften or warp —they retain a true even 
surface. 


They show a decided resistance to abrasion and they will last 
months as against weeks for fireclay. 


Made for all standard furnaces in one piece up to 24x15 and 24x 24 
inches — larger hearths in sections. 


Write our Sales Engineering Department regarding 
any problem dealing with Refractories 


The Carborundum Company, Perth Amboy, N. J., U. S.A. 


Refractory Division 
New York, Chicago, Boston, Philadelphia, Detroit, Cleveland, Cincinnati, Pittsburgh 
Milwaukee, Grand Rapids 
Williams & Wilson, Ltd., Montreal 
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ADVERTISING SECTION 


Complete Accessibility 


tear of mounting bracket of Republic 
Pyrometer. 


ONLY THRU 

Painstaking care in minute details in design. 

Every part tooled up before going into production 
Careful inspection and highest standards 

‘an low cost for unit of service rendered be built into an instrument from 
which is secured the maximum in continuous, accurate, performance. 
In addition to an unequalled reliability 

these exclusive features will appeal to 

practical users of pyrometers. 
Separate charts—wider than any other 

iplex enable more accurate reading. 

\ tear groove permits instantaneous ex- 

tion of record without chart waste. 
ohm Rheostat for instantly adjust- 

ng for changes made in the external 

reuit. 

Highest resistance pyrometer. The 
higher the resistance the greater the 

curacy. 
Republic Catalog Pyr. 30 will be The Republic Recording Pyrometer 
promptly sent at your request. 


REPUBLIC 


Birmingham = . Milwaukee 


Bost yn New York 


Buffalo Syracuse 
I oronto 


“ i p Philadelphia 
Montreal Republic Flow hg ‘ Meters Co. Pittsburgh 
Chic ago Diversey Parkway 3 be Chicago, ill. Portland 
Cincinnati N San Francisco 
Cleve land Seattle 
Dallas St. Paul 
Deny er Springfield 
Kansas City Salt Lake City 
nee Angeles Grand Rapids 


etroit 
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MIDVALE 


CARBON TOOL STEELS 


Made to Sell for a Purpose—Not a Price 


Showing iasta 
fired furnace 
automatic Co! 


trol. 


















Our experience of over 50 








years in the manufacture 
of Steel Specialties guar- Ley 
antees you the Best Tool x) 
Steels that can be made. . 
We build 
A 32-Page Pamphlet Just from - 
the press gives useful hints on the Devel 
handling of Carbon Tool Steels, as — 
well as the proper grades for each 
purpose. Write for it. Au 
THE MIDVALE COMPANY 
Utiliz 
NICETOWN, PHILADELPHIA Combs 


( 


S 


District Offices: 


NEW YORK WASHINGTON CHICAGO 
PITTSBURGH CLEVELAND SAN FRANCISCO 
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Showing ! istallation of coal- 
d furnace equipped with 


fire 
automatic Combustion Con- 
trol. 
classes 
Oo 
service 
Fuel Surveys 
Plant Layout 
Complete Standardized Fur- 
naces 





{ Complete Furnace Designs 


| We build you the furnace 
ed, furnishing De- 

signs Automatic Firing 

Equipment and . Controls, 


Rills of Material, together 

with necessary Engineering 

ind Erecting Supervision 
i Responsibility. 


Cor ting Existing Fur- 


Te | 

Developing Specialized Fur 
naces 

St Furnaces 

Auxiliary Equipment 


Utilization Division 
of the 
Combustion Utilities 
Corporation 
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SECTION 


Output Jumps 33% 


with a 50% slash in fuel 


A battery of furnaces were operating on a 
time cycle of 5 heats in 90 hours. 


....then Surface Combustion Furnaces were 
installed. 
The time cycle was increased to 8 heats in 
97 hours. 


.an approximate increase in production 
of 33 per cent. 


And operating costs were slashed. 
Tabulation shows a eut in the fuel bill of 
20 per cent. 


Read our newest bulletin. You'll find in it 
some facts that are worth thinking about. 
It will be ready for mailing in a few days— 
ask for it now. 


TH SURFACE, 

. COMBUSTION’: 

354 GERARD AVENUE, BRONX, NEW YORK 
Branch Offices: 


Philadelphia Birmingham Cleveland 
Pittsburgh Baltimore Hartford 
Chicago St. Louis Montreal 
Boston Seattle Detroit 


Surface Combustion 


WHEREVER HEAT IS USED IN INDUSTRY 
When answering advertisements please mention ‘‘ Transactions’’ 







TRANSACTIONS OF THE A. 8. 8. T. 





Swedish Nickel Alloy Carbonizing Boxes 


SWEDISH NICKEL: ALLOY 


MOST ECONOMICAL AND EFFICIENT MATERIAL FOR 











CARBONIZING BOXES 
FURNACE TRAYS 
MUFFLES and TUBES 

| BASKETS and RACKS 

: ANNEALING PANS 

CONVEYOR PARTS, etc. 


Swedish Crucible Steel Co. 
Detroit, Mich. 


When answering advertisements please mention ‘‘ Transactions’’ 





ADVERTISING SECTION 


PART OF A SHIPMENT FOR 


BROWN LIPE CHAPIN 


OF 


SWEDISH NICKEL ALLOY 
CARBONIZING BOXES 


A high Nickel Chromium Alloy which will give 
GOOD SERVICE 


and the cost per heat hour will be HALF 
the cost of ANY OTHER BOX 


Swedish Crucible Steel Co. 


Detroit, Michigan 
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ADVERTISING SECTION 


HECK YOUR CARBONIZING 
BOX COSTS 


Use the chart on the opposite page to check your box costs. Take the 
ast of the box you are now using. Say it weighs about 100 pounds. If so, 
rou are probably paying $85.00 or more for it, if it is a high Nickel Chromium 


Alloy. 
How about the guarantee? It is probably from 5000 to 6000 hours. 


Understand the SCRAP clause thoroughly. There may be a nigger on 
the fence. Do you get paid for the scrap if the box fails before the guarantee 
has heen fulfilled ? 


After determining all these factors draw your present cost line on the 
chart on the opposite page. With our NET COST line of 27% cents per 
pound you will have no trouble seeing what a great saving you can make by 


the wwe of SWEDISH NICKEL ALLOY. 


When an alloy box is sold with a high guarantee it is necessary for the 
vender to add enough to the selling price to make it possible for him to set 
uy a reserve for rebates for unexpired service. This is especially necessary 
when boxes are guaranteed 6000 and 7000 hours. 


As most heat treat plants use their boxes about 60 hours a week, a box 
must run over two years to fulfill a 6000 or 7000 hour guarantee. By that 
tme the alloy vender may no longer be in business. You may get no rebate 
ior unexpired service nor anything for the serap. 


If the vender is still in business you may have a show of getting back 
your rebate. Nevertheless you have given the alloy vender the use of your 
nohney—without interest—for the length of time the boxes were in service. 


THINK IT OVER. 


Swedish Crucible Steel Co. 


Detroit, Michigan 
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Partial Shipment of Swedish Nickel Alloy 


for 
PACKARD MOTOR CAR COMPANY 


First Quality - - - = Low Price 


More Service 


SES—- i <—S= 


Swedish Crucible Steel Co. 


Detroit, Michigan 
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ADVERTISING SECTION 


Webster’s New International Dictionary 


The latest and best of a long family of unabridged Merriam— 
Websters, each the recognized authority in its time. The One 
Supreme Authority: It is the standard of the Federal and State 
Courts and the Standard of the Government Printing Office. Con- 


tains 407,000 Vocabulary Terms; 6000 Illustrations; 2700 Pages. 
Bull Buckrayn Binding, $16.00. 


G. & C. Merriam Co. 
Springfield, Mass. 


DATA SHEETS 


The following data sheets have been issued and sent to members. New members desiring 
back sheets may order all or any sheets desired at the ‘trate to members.’’ Members will 
receive free data sheets as issued during the period of their membership. 


Send all orders to A. S. S. T., 4600 Prospect AvE., CLEVELAND, O. 


Cost Cost to 
No. to Non- 
Sheets Members| Members 


3 7 ns ES A AR AEE I 
A i Ai EE NOTE AL 


Page No. 


Nitrogen in Steel : 1 
(Melting Points of Chemical Elements 
)Fusing Points of Seger Cones 05 | 10 
Decimal and Metric Equivalents of Parts of an 

Inch 


- 10 | .20 
Specific Heat of Air - 10 | .20 


$0.05 | $0.10 
} 


Weights of Steel Bars.. .20 | 40 
[emperature Conversion Table A23 and 24 10 





Iron Carbon Diagram A25-38 2 70 
Mass Influence in Heat Treatment A39-42 Incl. , . "20 
Nickel and Nickel-Chromium Steels C3-24 55 | 10 
Stainless Steel D3-10 Incl. .20 | 40 
Tungsten as An Alloying Element in Steel 11-4 : 20 
Recommended Practice in the Heat Treatment 

of 18% Tuhgsten High Speed Steel M3-4 


Recommended Practice in the Heat Treatment 

of Plain Carbon Tool Steel...... oee| N8-6 ‘ .20 
Recommended Practice for Non-Shrinking, Non- 

Deforming, Oil-Hardening Tool Steels....| N7-8 10 
Recommended Practice for Finishing Steel....| N9-10 


10 


‘ ene 
cman i NN CE DL: 


Pyrometry eee --+| 83-17 i .80 
The Preparation of Metallographic Specimens. ..| T3-6 ; 20 
Etching Solutions for Iron and Steel and the 

Structures Revealed by Each 


Photomicrography 
Brinell Hardness Test 


Rockwell Hardness Test 


Scleroscope Hardness Test . 

Percentage Reduction of Area for Tensile Test 
Specimens 

{Standard Olay Fire Brick Shapes and Tables 


lee Turning Diameters With Standard Fire Brick 
(Shapes 


Lead Baths . 


uel Consumption and Heat Loss 
\ritical Illumination in Photomicrography 
S. A. E, Steel Specification 
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Wyy>, Automobile and other Alloy 
C4, Steel Specifications are 
E becoming more and 
more exacting 


It is necessary, therefore, to use the highest grade of 
raw materials entering into the construction of auto- 


mobiles, machine parts, etc. 


In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores. 


oxides and aluminum. 


Tungsten Powder ___--- 97-98% 
Pure Manganese ___-_--- 96-97% 
Ferro-Chromium —_---- 60% 


Pure Chromium _______ 97-98% 
Ferro-Tungsten —-______ 75-80% 
Ferro-Titanium —_______ 25% 


Ferro-Vanadium 35-40% (1% Silicon) 
Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


Pittsburgh : oe 
Chicago” 120 Broadway, New York City 5; 5a" Francisco 


Boston 





Molybdenum 


Chromium (Pure and Ferro), 
Manganese (Pure and Low C.), 
Cobalt, Silicon (Pure), Titan- 
ium, Silicon Aluminum Man- 
ganese Alloys (also with Ti.), 
‘Tungsten (Powder and Ferro), 
Ferro Aluminum, Calcium Sili- 
con, Phosphor Copper and 
OTHER S$ RE. 37 a. 
ALLOYS, 


Large stocks carried in New York 


W rite for Stock List 


deCourcy Browne, Inc. 
Metallurgical Engineers 


8 W. 40th St. NEW YORK 





When answering advertisements 


Toronto 


Back Volumes 


We can supply the following: 


Vol. Il (complete) ‘of Proceedings— 
Steel Treating Research Society. 


$5.00 (unbound) 


Vols. | and II (complete) Journal— 
American Steel Treaters Society. 


$7.50 each (bound 


Vols. Il, Ill, IV, V and VI Transactions— 
American Society for Stee! Treating. 


$10.00 each (bound) 
Send orders to 


American Society For 


Steel Treating 
4600 Prospect Avenue 
Cleveland, Ohio 


please mention ‘‘ Transactions’’ 





425 ADVE RTISING SECTION 


THE 
PLANETARY 
PRINCIPLE 


oF 
SPEED REDUCTION 
THe 


"MOST EFFICIENT 
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TRANSACTIONS OF THE A. 8. 8. T. 


Oil Fired Heat Treating Furnace 


What you can expect 


- - of a Good Furnace 


Low Operating Costs. 
Low Maintenance Costs. 
Maximum Production. 
Ease of Operation. 
Quality Products. 

Low Labor Costs. 


Carl Fomece by natin LAGAN 


A furnace and a fuel for every Industrial Purpose 


Coal Oil Gas Electricity 
George J. Hagan Company 


Furnace and Combustion Engineers, 
Chamber of Commerce Building, 
Pittsburgh, Pa. 


Detroit Chicago Los Angeles 


When answering advertisements please mention ‘‘ Transactions’’ 





ADVERTISING SECTION 


KELLY Truck Springs 


of Vanadium Steel 


CF the Kelly-Springfield Mo- 
tor Truck, as on many oth- 

er high grade motor trucks 
and automobiles, Chrome-Vana- 
dium Steel is used for chassis 
springs. 


“In the many years these springs 
have been in service,” writes the 
Kelly-Springfield Motor Truck 
Company, Springfield, Ohio, 
“they have given a minimum 
amount of trouble and there has 
hardly been any breakage to 
speak of, regardless of the ex- 
treme overloading and severe 
service in which these trucks 
have been.” 


High in anti-fatigue and shock- 
resisting qualities and combin- 
ing elasticity with strength, 
Vanadium Steel Springs are an 
asset to any motor truck or car. 


Assuring spring satisfaction, 
Vanadium Steel Springs add life 
to the motor car or tfuck and 
free the owner from frequent 
spring breakage and _ replace- 
ments. 


Data on Vanadium Spring Steel 
is available for the asking, as is 
the assistance of our metal- 
lurgists. 


VANADIUM CORPORATION OF AMERICA 


120 Broadway, New Y ork 


VANADIUM STEELS 


Book Building,=Detroit 


Sor Strength, Toughness and Durability 


4% 


When answering advertisements please mention ‘‘ Transactions’’ 
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TRANSACTIONS OF THE A. 8. 8. T. 


W Ok ye 
eee aE 


8 lowe 5 Tol 


Loss 3 bin Corr YoSsion= 


i 


Why be bothered with 
the continual extra ex- 
pense of  re-sheeting 
your buildings — (labor 
and material) when you 
ean sheet once with 


DELHI iste Bees Or Galvgnized Sheets 


lron 


and stop this leaking 
both in the building ana 
in your pocket book. 


Ask us for further data. 


a at]-) a0)" oe ame ot 


Age ay SERS. dike AL PURPOSES 


4 WATER a 
Rane naee eee 


Erichsen Testing Machines 
Standard the World Over 


For the Determination of the Drawing, 
Stamping, Compressive and Folding This Tu 
Qualities (the “Workability’) of Sheet Rivet Si 


Metals 
80,000 
Know your Metal. And Sti 


Save time and save money. 


The Bock Machine Company 
3618 Colerain Ave. Cincinnati, 0. 


Conditic 


ECONOMY SALT BATH FURNACES 


Eliminate local overheating of container. Prevent the flame of com- 
bustion existing close to container. No salt can enter combustion 
chamber in the event of container failure. Zone of maximum heat 
input around side of container near top. Maximum container life. 


Write for Salt Bath Furnace Bulletin K-7 
THE ECONOMY FURNACE CO. CHICOPEE, MASS. 


When answering advertisements please mention ‘‘ Transactions’ 





ADVERTISING SECTION 


FURNACE 
CHAIN SCREENS 


Protect men from heat and glare, and 
furnace from chill. Save fuel, labor and 
“turnover.” No interference with view, 
handling tools or charge. Before Hot 
Weather sets in write for bulletin. 


E. J. CODD COMPANY 


ae S. CAROLINE ST. - BALTIMORE, U.S. A. 
ain Screen on Knapp Furnaces at Baash Ross Tool Co. 


- “SEMENTITE” 


CARBURIZING COMPOUND 
FOR LONG LIFE 


HEAT TREATING SUPPLY COMPANY 
Sandusky, Ohio 


ZIV’S WIZARD 
wing 


Idin This Tungsten ‘ Ve Un-Breakable Tool Steel 

I “ “ 3 od 

wee Rivet Set Headed FF - si 
20,000 a | A truly Remarkable Steel 


And Still In Good Especially Adapted For Pneumatic 
Condition 2 Tools 


ZIV STEEL & WIRE CO. 


4423 W. Kinzie St. Chicago, Ill. 


(ndustrial Furnaces 


GENERAL FURNACE COMPANY 
General Offices 
1015 Chestnut St. Philadelphia 


When answering advertisements please mention ‘‘ Transactions’’ 











TRANSACTIONS OF THE 





A . S . 


List of Products 


Automatic Heat Cop. 
trollers 

Automatic Quenching 
Tanks 

Blowers 

Blowpipes or Blow- 
Torches, Hand and 

Carbonizing Machine with Quantity of Small Screw Stand 

Pins Carbonized in Same Boosters, Gas 
Brass Melters 


) Results are QUICK — CERTAIN — oe maces and 
| ECONOMICAL Burners 


Burners for Electric Lamp 
Bulb Manufacture 

Carbonizing Machines 

Cyanide Furnaces 

Cylindrical Furnaces 

Forges 

Forges, Glass Bending 

Hardening Hammers 

Heating Machines 

Melting Furnaces 

Muffle Furnaces 

Oil Tempering Furnaces 

Oven Furnaces 

Plating Furnaces 

Rivet Heaters 

Soft Metal and Lead 
Hardening Furnaces 

Soldering Iron Heaters 

Sweep Reducing Furnaces 

Tempering Plates 

Tire Heaters 

Tube Heating Furnaces 























































and 
Every Type of Gas Blast 
OVEN FURNACE with AUTOMATIC Burner, Furnace and 
TEMPERATURE CONTROLLER Heating Machine for 


Industrial Uses 





These Oven Furnaces are made in more than 100 
sizes 


AMERICAN GAS FURNACE CO. 


ELIZABETH, N. J. 
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ADVERTISING SECTION 


will help you solve your 


CHEMICALS problems in 


SERVICE SURFACE HARDENING 
















Choose any one of our 


CYANIDE MIXTURES 
(Strength 30%, 45% or 73/76% NACN) 


for the best results, your selection being 
dictated by plant conditions. 


M% 
av 










The Cheapest Method 


if equipped to do so, is to make up your own bath as 


needed, using as a basis — 


CYANIDE SODIUM 96/98% 


guaranteed 51/52% cyanogen | 
strength equal to 128/130% KCN 


Dilute with Soda Ash and Salt, to suit. 


naces 





las el 


ces 
ters 
irnaces 


s% 


ay 






Our mixtures are also highly suitable for 


1aces Technical assist- 


tn a 
ee 


reheating after pack hardening ance rendered 
Blast ‘ ith 
d Better heating medium than lead — ae 
charge 
for prevent oxidation _ 








We 
ROESSLER @HASSLACHER CHEMICAL, 


709 Sixth Avenue NEW YORK | 
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TRANSACTIONS OF THE A. 8. 8. T. 


BIND YOUR 
VOLUME VII 


TRANSACTIONS 


(Completed with the June, 1925, issue, 6 numbers) 


As a= service, members may have | their | 
Transactions bound at cost by sending them 
to National Headquarters together with check for : 


2.00 — 


Back riumbers can be supplied to complete your 
volume at 75c each. 


Send your copies to-day as it is only by having 
a large number bound at the same time that this 
reasonable rate is possible. We will bind your Vol. 
1,2,3,4,5, and 6 for you if you wish at the same rate. 


American Society for Steel Treating 


4600 Prospect Avenue 
Cleveland Ohio 


When answering advertisements please mention ‘‘ Transactions’’ 





ADVERTISING SECTION 


QUALITY PRODUCTS 


Blaich Modern Carbonizers. — Best by Test. 
— also — 


Quick Heat—for use as a fused melt preventing 
decarbonization, formation of scale, 
and soft spots during heat-treating. 


Quick Case-—an efficient and economical medium 
for cyaniding. 


Lead Coat—a covering for molten lead baths. 


Ins ulite—prevents penetration of carbon on se- 
lected areas during the carbonizing 
operation. 


ALFRED O. BLAICH COMPANY 


DETROIT 599 Beaufait Ave. MICHIGAN 


ORDER NOW! 
DATA SHEET BINDER 


‘The binder shown here is of genuine 
cow hide, with § inch rings, capacity 
200 sheets and pocket in cover, es- 
specially made for A. S. S. T. Hand 
Book sheets. 

Do not lose your valuable sheets by 
not having the proper binder. 
Members may obtain this binder, with 
name (in gold) stamped on cover 


for $2.00. 


Send order and check to 


American Society for 
Steel Treating 
Cleveland, Ohio 


When answering advertisements please mention ‘‘ Transactions’’ 





TRANSACTIONS OF THE A. 8. 


HOBSON’S CHOICE XX 
EXTRA REFINED 


for 
FORMING TOOLS 
DRILLS, REAMERS, Etc. 


HOBSON’S Warranted Best 
for DIES, PUNCHES and 


General Tools 


CHOICE Polished Drill Rods 
PIVOT STEEL for SCALES 
HIGH SPEED STEEL 
SELF HARDENING STEEL 
FAST FINISHING STEEL 
SHEETS, Cutlery and Saw 
FORGED CUTTER BLANKS 
RINGS, DIE BLOCKS, Etc. 


5000 various SIZES IN STOCK 
for all purposes 


Hobson, Houghton & Co., Ltd. 
Offices and 83 Beekman St. 
Warehouse NEW YORK 


For Reclaiming 
Carburizing Compound 


Takes out scale, slag, clay, 
sand, etc., and confines dust. 


Saves 75% Labor cost. 


Reclaims 25% more Com- 
pound. 
Direct connected Motor if 
desired. 


BROWN LYNCH SCOTT CO. 
Monmouth, Illinois 


When wunswering advertisements 


a. 2. 


TOOL STEEL 
BARS SHEETs 
BLOCKS 


STAINLESS STEEL 
BARS SHEETS 


SODERF ORS 


SODERFORS, SWEDEN 


STEEL WORKS 


SWEDISH 
ORIGINAL DANNEMORA 
TOOL STEEL 


Made from 
the best ores the 
world produces 


GEORGE ADAMS & SON | 
1302 W. Washington Blvd. | 
Chicago, Ill. 


please mention ‘‘ Transactions’’ 





Fahrite 
dealing a 


Since the 
in temper 
of its suc 


The mos‘ 
drymen ¢ 


Your al 
departme 
experienc 


Send us 


hicago Pe oT 
Kansas City : 








ADVERTISING SECTION 77 


FAHRITE 


fieatResisting Alloy Castings 


Fs oer , 
-_ meena 
rhe: g ‘i = 









Reputation and Merit 


Fahrite castings were first sold largely thru our reputation for square- 
dealing and financial responsibility. 











Since then Fahrite has sold itself and has served hundreds of applications 
in temperatures up to 2000° F. The increased demand is the best evidence 
of Its success. 
» 

S | The most improved facilities and a skilled organization of practical foun- 
je (rymen are producing better Fahrite castings than ever before. 










Your alloy problems will be carefully studied by our engineering 





je (epartment, who will recommend possible solutions based on practical 
2A | experience, 

| Send us your inquiries. 

HE OHIO STEEL FOUNDRY CO. 
.N Springfield, Ohio 
rd. 


Sales Offices 
New York—50 Church St. Houston—Harrisburg Pipe & Pipe Bend- Springfield 


Plants in 







Philadelphia —22 S, 15th St. ing Company of Texas Bucyrus 
hicago—People’s Gas Bldg. Los Angeles—731 Merchants National L : 
Kansas City—700 Baltimore Ave. Bank Bldg. ama 
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Farge Shop Comfort | 


In Summer 


When your forgemen knock off work in summer. 
don’t blame the loss of production and profits 
on the weather. 


Most likely your men balk | 
at the discomfort caused by the | 
terrific heat, smoke and gases 
given off by obsolete forges. 


You can be practically 
immune to summer layoffs and 


losses by equipping your forge 
shop with 


ROCKWELL ECONOMIZER 
FORGES 


A novel arrangement of down- 
ward blast over the working opening 
prevents the escape of heat, smoke 
and gases into the face of the heater 
and creates a current of cool, refresh- 
ing air past him and toward the forge. 


















‘ 


Patented 


The hot gases from the Rock- 
Section showing deflection of hot gases by downward well Forge are utilized to preheat the 
blast, with induced air toward the forge, and air for combustion. 


construction for preheating air and protecting operator. 


ROCKWELL ECONOMIZER FORGES 


Are the Cure for 
“Spring Fever” in the Forge Shop 
We have made a careful study of the effect of various changes in forge fur- 
naces in so far as output and cost of forgings and comfort of heaters are concerned. 
Common troubles in forge shops and an easy way to avoid them are out- 


lined in Bulletin 260-C. 
Write for free copy to our nearest office. 


W.S. ROCKWELL COMPANY 


Furnace Engineers and Contractors 


50 Church St. (Hudson Terminal Building ) New York 
Branches: 
Chicago Cleveland Detroit Montreal, Can. 





Ellsworth Bldg. Union Trust Bldg. Majestic Bldg. 358 Beaver Hall Sq. 
British Representative: Gibbons Bros., Ltd., Dudley, Worcester, England 
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ADVERTISING SECTION 


ROBERT W. HUNT CO. 
ENGINEERS 


PHOTOMICROGRAPHIC 
CHEMICAL AND 
PHYSICAL 
LABORATORIES 


INSPECTION 
STS 
CONSULTATION 


LABORATORIES AT 
PRINCIPAL OFFICES 


RESIDENT INSPECTORS 
AT STEEL MILLS AND 


MANUFACTURING PLANTS 


GENERAL OFFICE 


CHICAGO 


NEW YORK PITTSBURGH 
ST. LOUIS SAN FRANCISCO 
KANSAS CITY CINCINNATI 


LONDON MONTREAL 


FORGINGS 
DIE BLOCKS 
SHEAR KNIVES 


RES'ISTE Re, 


HEAT TREATED 
PRODUCTS 
OUR SPECIALTY 


Heppenstall Forge & Knife Co. 


WORKS: 
PITTSBURGH, 
PENNA. CONN. 


BRIDGEPORT, 


rr 


TOOL STEEL 


seve hesiaberarad 


CRUCIBLE Betraet 


ARITE 
OILDIE NON-sHRIP- 
Shain! a3 


OLUMBIA EXTRA. ¢ 


COLUMBIA Toot STEEL COMPANY 


AGO HEIGHTS LINO!IS 
a EVELAN ae Tet aL 


““WIL-CAN” PATENTED 


CARBURIZING BOXES 
“‘The Cost Cutting Box’’ 


Loaded Inverted for furnace. 
The Original Inverted Box. 
Retention of Gases Builds Pressure and Gives 
Deeper and More Uniform Penetration. 
Saves Material and Prevents Scaling and 
Oxidation. 
No Claying or Screening. 
Gives Equal Depth of Case in Less Time. 
Every Layer Carburized Uniformly. 


YOU “WIL-CAN” OTHER TYPES AFTER 
A TRIAL 


CANNON-STEIN STEEL CORP. 


Trade ““ Reet la’ " Mark 
BRAND STEELS 


New York 


Syracuse 
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HARDNESS TESTING 


Is Now Done Almost Exclusively With 


The SCLEROSCOPE 

[International Standard} 
Direct reading, can be operated by anyone with great rapidity. 
Measures softest metals and hardest steels without adjustment. 
Send for our booklet, free. 


The PYROSCOPE 


as a heat indicator, has solved the most difficult 
problems. 

In heat treatment of steel, forging, founding, etc. 
Unexcelled for constancy, 
inexpensive. 









Booklet Free. 


Selective 
Carburizing 
Localized 
Hardening 
By SHORE 


Process 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. and Carll St., Jamaica, New York 
Agents in all Foreign Countries 





















MAY WE HELP YOU? 


If you want to improve your product ask 
us about the following. 





Carburizing Compounds Furnace Cements 
Cyanide Compounds (for Metal Cleaners 
cyaniding) 


Kwick Kase (for cyaniding) mipenie es sate 
Lead Pot Carbon (for covering namel Stripper 


Lead Pots) Detergents and Special 
Tempering Oils Cleaners for all pur- 
Tempering Salts (High and Low poses 

Temperatures) , 
Sodium Cyanide (96-98%) Copper & Zine Cyanide 
Brinell Machines Nickel Salts (Single) 


Park Chemical Company 
Metallurgical and Chemical Engineers 
DETROIT, MICH. 
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ADVERTISING SECTION 


CARB-O-LOX 


TRADE MARK 


CARBURIZING BOXES 


Leading authorities on carburizing 
will tell you the following important 
facts: 


“The container or carburizing box 
is @ very important factor in the 
process of carburizing. 


“The sealing of the box or container 
is extremely important, due to the ; 
recognized fact that MORE of the } 
ACTUAL carburizing action is brought 
about by the GASES generated by the 
compound than by the solids of the : 
compound. ' 





“If this can be confined, and espe- 
Carb-O-Lox Box closed cially if a PRESSURE can be built 
up inside of the box, the carburizing 
action will be GREATER. 





“It is advisable to use the boxes in 
the furnace upside down, as this 
method not only prevents the carbu- \ 
rizing gases from escaping, but also 
prevents the burning away of the 
compounds, and produces a secondary 
carburizing medium in the pot. Should 
the compound shrink away from the 
work there still can be no oxidation 
or scaling.” 


CARB-O-LOX Boxes will answer 
Carb-O-Lox Box open to all of the foregoing demands. If 
you are interested in getting the best : 





2. ore 
quality of carburization in your prod- | 
F uct, it will pay you to try out 
CARB-O-LOX Boxes. 
e 


THE CARBOX CORPORATION 


16 State Street 
ROCHESTER, N. Y. 
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BOOKS YOU SHOULD HAVE 
A Carefully prepared list of books 


KENT. Mechanical Engineers’ Hand- 
book. Tenth Edition. 
Robert T. Kent, Editor-in-Chief, and 
35 Associate Editors. 2247 pages. 
4\44,x7. Illustrated. 
Flexible binding......... .. net $6.00 
Genuine leather binding.. ...net $7.00 


ROSENHAIN. An Introduction to the 
Study of Physical Metallurgy. 

140 illustrations, 6x9, cloth, 375 pages. 

(Metallurgy Series)............$4.00 


CONTENTS — Introductory. Structure and 
Constitution of Metals and Alloys. Microscopic 
Examination of Metals; The Metallurgical Mi- 
croscope; The Microstructure of Pure Metals 
and of Alloys; Thermal Study of Alloys; The 
Constitutional Diagram and the Physical Prop- 
erties of Alloys; Typical Alloy Systems; The 
Iron-Carbon System. The Properties of Metals 
as Related to Their Structure and Constitution. 
Mechanical Testing of Metals; Effect of Strain 
on the Structure of Metals; Thermal Treatment 
of Metals; Mechanical Treatment of Metals, in- 
cluding Casting; Defects and Failures in Metals 
and Alloys. 


AITCHISON. Engineering Steels. 
An exposition of the properties of 
steel for engineers and users to secure 
economy in working and efficiency of 
result. 119 illustrations, 116 plates and 
2 folding plates, 54%4x8%, cloth, 427 
POGOB. occ ese ceses We yee oo eg cee 


CONTENTS — Steel Melting Processes; the 
Casting and Working of Steel; the Heat Treat- 
ment of Steel; Mechanical Testing of Steel; 
Plain Carbon Steels; Alloy Steels; Case-Hard- 
ening Steels; Cold Worked Steels; Tool Steels; 
Appendices; The Influence of Sharp Corners and 
Scratches; Young’s Modulus of Elasticity; Prop- 
erties of Steels at High Temperatures; Il rofessor 
Robertson’s Axial Leading Shackles; Avery 
**Izod”’ Impact Testing Machine; Charpy Pendu- 
lum Impact Testing Machine; Stanton Repeated 
Blow Impact Testing Machine; High Alternat- 
ing Stress Testing Machine; Brinell Ball Test 
Machine; Derihon “‘Hardness Testing’’ Machine; 
Johnson Ball-Hardness Testing Machine; 
Reverse Testing Machine; the Atcherley Bend 
Testing Machine; Bibliography of Original Pa- 
pers on the Hardness of Metals. 


URQUHART. Steel Thermal Treat- 
ment. 
With numerous photomicrographs and 
other illustrations, 544x914, cloth, 351 
DOMES 2. ccc ccewccksbsccs see Quen 


CONTENTS—Recent Developments; Physical 
Characteristics of Steel; Elementary Thermal 
Processes; the Furnace; Electrical Equipment ; 
Workshop Heat Measurement; Carburizing Ma- 
terials; Cementation and Carburization ; ae 
ing; Thermal Treatment Processes; Tools and 


Their Steels; Press Tools; 
Stainless Steel; Index. 


REISER. Hardening and Tempering of 
Steel, in Theory and Practice. 
(Translated from the German of the 
third and enlarged edition) by Arthy; 
Morris and Herbert Robson. 5x73, 
Gipem, Bee WO Giessc........ $2.50 
CONTENTS — Definition and Classification 
Chemical and Physical Properties and Their (4s 
ual Connection; Classification According to [Use 
Testing for Quality; Hardening; In\ 
of the Causes of Failure in Hardening; Regey 
eration of Steel Spoilt in the Furnace; Welding 


GREAVES and WRIGHTON. Prac. 
tical Microscopical Metallography, 
Full-page plates, charts, tables, 6x91, 
cloth, 135 pages. London and New 
Ve eee eeeeee.......... $5.00 
CONTENTS — Introduction; Preparation of 
Specimens for Micro-Examination; Mi roscope, 
Method of Microscopical Examination; Structur 


of Pure Metals, of Alloys; Structure and Proy 
erties of Ingot Iron, Wrought Iron; 


High Speed Tools: 


Stigation 


Structure 
and Properties of Normalized and Annealed Car 
bon Steels, and Effect of Hot and Cold Work: 
Structure and Properties of Hardened and Tem. 
pered Carbon Steels; Structure and Properties 


ef Alloy Steels, and Effect of Heat Treatment: 
Non-Metallic Inclusions and Defects in Steel: 
Structure and Properties of Pig Iron, Cast Iron 
and Malleable Cast Iron; Effect of Iinpurities 
in Copper; Structure and Properties of Alloys 
of Copper with Zinc, Tin and Aluminum; Struc 
ture of Aluminum Alloys, Zine Alloys and Bear 
ing Metals. Index of Photomicrographs. Sub 
ject Index. 


BLAIR, ANDREW, ALEXANDER. 
Chemical Analysis of Iron. 

Eighth edition, revised. 102 illustra 

tions, 318 pages. 8vo. Cloth. ..$5.00 

CONTENTS—Apparatus for the Preparation of 
Samples; General Laboratory Apparatus; Re 
agents; Distilled Water; Acids and Halogens; 
Gases; Alkalies and Alkaline Salts; Salts of 
Alkaline Earths; Metals and Metallic Salts; 
Reagents for Determining Phosphorus; Methods 
for the Analysis of Pig-Iron, Bar-Iron, and 
Steel; Determination of Sulphur, Slag and Ox. 
ides, Phosphorus, Manganese, Carbon, Total Car- 
bon, Graphitie Carbon, Combined Carbon, Ti 
tanium, Copper, Nickel and Cobalt, Chromium, 
Aluminum, Arsenic, Tin; Methods for the 
Analysis of Alloy Steels; Determination of 
Tungsten, Oxygen in Steel and Iron, Nitrogen in 
Steel and Iron, Iron in Steel and Iron; Methods 
for the Analysis of Ferro-Tungsten and Tungsten 
Metal, Ferro-Molybdenum and Molybdenum Metal. 


Ferro-Vanadium, Ferro-Chrome,  F'erro-Silicon, 
Ferro-Manganese and Manganese Metal, Ferro 
Titanium, Ferro-Phosphorus, Iron Ores, Lime 
stone, Clay, Slags, Fire Sands, Coal and Coke; 


Apparatus for the Determination of Metals by 
Electrolysis ; Tables; Index. 


Send order and check to 
AMERICAN SOCIETY for STEEL TREATING 


4600 Prospect Ave. 


Cleveland, O. 
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ADVERTISING 


ORDER NOW 





SECTION 


A valuable addition to any library 


gow. The Electro-Metallurgy of Steel. 
Illustrations, tables, 5%x8%4, cloth, 


9B7 PADES ceveeeevescccresereses $7.50 
CONTENTS—Historical Development of Elec- 
tie Furnaces; Definitions of A. C. Characteris- 


Application of Single and Polyphase Cur- 
‘nts; Generation and Control of Single and 
P lyphas Currents; Automatic Regulators, Ac- 
sogory Instruments; Power Consumption and 
Contributory Factors ; Electro-Metallurgical 
vethods of Melting and Refining Cold Charges ; 
Liquid Steel Refining; Ingot Casting; Applica- 
tion of Electrie Furnace to Foundry Practice ; 
Characteristic Principles and Features of Fur- 
nee Design; Modern Types of Electric Steel 
Furnaces; Refractory Materials, Their Applica- 
ion to Furnace Construction; Furnace Lining, 
Lining Repairs; Properties, Manufacture of Car- 
hon Electrodes; Rapid Methods of Analysis for 
Rath Samples; Index. 


HARBOURD AND HALL. Metallurgy 
of Steel. 
Vol. I. Seventh edition, thoroughly 
revised, 200 illustrations, 577 pages, 
Rvo, ClOG 5 ark Wilks @ a Ges o's 6 en $12.00 


CONTENTS—The Manufacture of Steel—The 
Bessemer Process; The Basic Process; Manu- 
facture of Steel in Small Converters; Chemistry 
f the Acid Bessemer Process; Chemistry of 
the Basic Bessemer Process; Gas Producers; 
The Oven Hearth or Siemens Process; Basic 
Siemens Process; The Production of Steel Cast- 
ngs; The Production of Shear and Crucible 
Steel; Production of Steel in the Electric Fur- 
nace; Armour Plate Manufacture; Direct Proc- 
esses of Steel Manufacture. Finished Steel— 
Mechanical Testing of Materials; Carbon and 
Iron; The Influence of Si, 8, P, Mn, As, Cu, 
Sn, Sb, ete., on the Physical Properties of Steel; 
Special Steels or Steel Alloys; Heat Treatment 
of Steel; Microscopical Examination of Steel; 
Typical Steel Plants; Photomicrographs. Ap- 
pendices 


HARBOURD and HALL. Mechanical 
Treatment of Steel. 
Seventh edition, thoroughly revised, 
399 illustrations, 567 pages, Svo. 
Cloth . . «sts \ebbie-ewiubtbem oort % . . -$12.00 


CONTENTS — The Mechanical Treatment of 
Steel—General Principles. Reheating—Reheat- 
ing Furnaces; Handling Material at the Re- 
heating Furnaces; Details of Rolling Mills; 
The Five Leading Types of Mill; The Operation 
of Rolling; Rolls for Three-High Mills; Spe- 
cial Mills; Handling Material at the Rolls; The 
Supply of Power; The Supply of Power 
(cont'd); The Supply of Power (cont’d); The 
Supply of Power (cont’d); Common Mills 
Their Uses and Outputs; Common Mills— 
Their Uses and Outputs (cont’d); Rod Mills; 
‘ontinuous Billet, Bar, and Strip Mills; Han- 
dling Material in the Stock Yard; Laying-Out 
othe Mill; Forging Steel by the Steam Ham- 


mer. Forging Steel by the Press. Compressing 
Steel While Fluid; Tube-Making; Wire Draw 
ing; Protecting Steel from Corrosion; The Past 
and Future of the Steel Trade. 


OSMOND and STEAD. Microscopic 
Analysis of Metals. 
Third edition, revised and corrected 
by L. P. Sidney. 313 pages. Octavo. 
Cloth 


The new edition of this extremely valuable 
book is now in preparation and comprises feat 
ures which render it thoroughly up to date in 
every respect. It is very beautifully illustrated 
with 195 photomicrographs, diagrams and fig 
ures and covers such important subjects as Ana 
tomical Metallography, Biological Metallography, 
and Pathological Metallography, also the Science 
of Polishing, Grinding, etc., the Micrographic 
Analysis of Carbon Steels, the Micrographic 
Identification of the Primary Constituents of Car- 
bon Steels, the Detailed Examination of Se 
lected Steels, the Segregation in Steel and the 
Phenomena of Burning, Overheating, etc. 


EDWARDS. Physico-Chemical Proper- 
ties of Steel. 

Second edition, thoroughly revised, 

eee ee eee $6.00 


CONTENTS—Constitution of Metallic Systems ; 
Structure of Metals; Iron; Constitution of the 
Iron-Carbon System; Microstructure of Iron 
Carbon Steels; Solidification of Steel Ingots; 
Iron-Carbon Steels; Phosphorus; Sulphur; Burn 
ing and Overheating of Steel; Deformation and 
Strain-Hardening of Metals: The Properties of 
Cold-Drawn Wire and the Effect of Acid Clean 
ing; Cementation and Case-Hardening; Methods 
of Testing Hardness; Theories of Hardening by 
Quenching; Special Steels; Tungsten-Carbon 
Steels; High-Speed Tool Steels; Manganese; 
Chromium; Electrical Conductivity and Consti 
tution. 


ALLCUT and MILLER. Materials and 
Their Application to Engineering 
Design. 

221 illustrations, 519 pages. &vo. 
TS eNO oo Le G Glos oo ae we $12.50 


CONTENTS — The Influence of Materials on 
Engineering Designs; Different Kinds of Stresses 
and Their Uses in Design; Testing and Meas 
urement of Stresses; Strain Measuring Ap 
paratus; Impact Testing; The Measurement of 
Hardness; Chemical Composition and ‘Micro 
Structure of Materials; Micro-Structure§ and 
Composition of Steel; Chemical Composition and 
Micro-Structure of Cast f[ron, Malleable Iron 
Castings, Steel Castings, Non-Ferrous Metals, and 
Alloys; The Heat Treatment of Steel and Other 
Materials; Carbon Steels; Alloy Steels; Case 
Hardening Steels; Iron and Steel Castings, In- 
cluding Malleable Iron and Semi-Steel Castings ; 
Non-Ferrous Metals and Alloys Bearing Metals; 
The Inspection of Materials; Non-Metallic 
Materials; Examples of Practical Application ; 
Tables. ' 


Send order and check to 
AMERICAN SOCIETY for STEEL TREATING 


4600 Prospect Ave. 


When answering advertisements please mention ‘‘ Transactions’’ 


Cleveland, O. 
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Hardening heat - - 1475° F. 
Draw heat - - 950° F. 
Number of men per shift - - 4 


Number of shifts per day - 3 - 8 hrs. each 


Number Ibs. per day - 78750 
Furnaces have been operating 27 years 
Rejections to date - - None 


Rejections before installing 


Holcroft furnaces nae % 
Efficiency at 1475° F. . . 85% 
Efficiency at 950° F. - - 90% 


This is just a typical job - we can do the same for you 


HOLCROFT & COMPANY 


Detroit, Mich. 


6545 Epworth Blvd. 


When answering advertisements please mention ‘‘ Transactions’’ 
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ADVERTISING SECTION 


Two Hours 
Steady Light 








Bausch & Lomb 


AUTOMATIC FEED ARC LAMP 


wow Automatic Feed Arc Lamp is _inter- 
changeable with the hand feed arcs, tungs- 

arcs or Mazda lamp units on all of our more 

recent metallographic equipments, our contour 

measuring projectors and our micro projection ap- 

paratus. 

The carbon holders travel a sufficient distance to 


consume the entire length of six inch carbons 
with one setting. 


Clock feed mechanism operates the carbon holders 
by means of a constant chain drive and maintains 
a very steady and uniform arc. 


Bausch & Lomb Optical Co. 


663 St. Paul St. Rochester, New York 


Branch offices and display rooms 
in the following cities: 
New York Chicago Boston London 
Washington Frankfurt San Francisco 






? 


When answering advertisements please mention ‘‘ Transactions’ 
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Leitz “Micro-Metallograph” Inverted Microscope “Ml,” 


MODEL 1924 


= For many years the Igit; 
: **Micro-Metallograph” ha en 
; the Standard Equipmen for 
Metallurgical Research V 
ernment Departments an et 
allographic laboratori: if 
leading Universities and Indus 
trial Plants. 
With the added improvements 
embodied in “Model 24, 
such as: 
1. Conical- Stop  Illum . 
(for increased contrast 
2. Oblique Illumination Device 
(for increased contrast 
3. Coarse Focussing adjust 
ment independent of micro 
meter screw ; 
4. Micrometer Screw having 
direct action upon objective 
5. New type Opaque Illumi: 
nator ; 
6. New Illumination Arrang 
ment with special Collimator 


Lens system ; 

7. Indirect Observation Window 
at Camera ; 

8. Focussing Extension Cabinet 
with Telescope ; 

9. Shock-Absorber (immunizes 
the apparatus against vibra 
tion) ; 

the instrument represents th: 

most efficient and universal a 

plicab micro - metallographi 

equipment obtainable. 
Through the use of Leitz 

Optics the images are flat and 

a ' endowed with a maximum de 
FE Gre Sy ae finition. 


Inverted Microscope for Metallography 





One of the leading laboratories, using “Model 1924,” obtained perfect 
photographs at 15,500x magnification under a time of exposure of 30 
minutes. During this period the carbons of the arclamp had to be 
changed once and persons within the laboratory moved freely, with 
out the least change in focus taking place. 

Through the use of the vibration absorber combined with the precision 
workmanship of the apparatus, this rare achievement has been pos- 
sible. Upon request, we will disclose the name of the laboratory for 
verification of our statement. 





Ask for our Bulletin No. (P)1057, descriptive of above apparatus. 





60 East !1O™Sr. 
General Distributing Agents for Canada: 


The J. F. Hartz Co., Ltd., Toronto, Canada 


Agents for Western States—California, Washington, Oregon, Idaho, Utab, Montene and 
Arizona, SPINDLER & SAUPPE, 86 Third Street, San Francisco, Cal. 


When answering advertisements please mention ‘‘ Transactions’’ 
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Phe Morse ChainCo 


finds low service cost more important that 


low price per pound. The unparalleled long 
life of “Nichrome” Castings assures them o 
this economy factor. 


“Nichrome” Castings do not warp, crack or scale—tha 
is why there are more than 1600 plants getting uniform 
quality in the carburized case, under widely varying 
operating conditions—but where “Quality is Highe 
Than Price.” 


Write for our up-to-date treatise on the fundamentals 0 
carburizing and case-hardening. 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY 
Chicago — Detroit England — France 


Nichrome 


-the castings of proven performance 


When answering advertisements please mention ‘‘ Transactions’’ 





Round Chart 


Recording Pyrometers 


Bristol’s, the most com- 
plete line of Recording 
Instruments, __ including 
Pressure, Vacuum, Liquid 
Level, Temperature, 
Humidity, Time, Motion, 
Speed, Electricity, Etc. 


Bristol’s Recording Pyrometers pro- 
vide a continuous and accurate record 
of temperatures. Records are accu- 
rate because of the inherent accuracy 
of the instrument itself, and because 
it is equipped with the Automatic 
Cold End Compensator. 


With this device correct readings are 
obtained directly—no error needs to 
be allowed for. Furnished for all 
ranges up to 3000° F. 


Ask for Catalog No. AG-1401 





ENGELHARD. 
PYROMETERS 
ee 


-NEW!! NEW!! | 
that challenges comparison with | 
any recorder on the market. 


| 
We have a NEW RECORDER | 
| 
| 


Why not write for Bulletin 34-S 
and convince: yourself that the | 
above statement is true and ‘that | | 
Engelhard Pyrometers are 
GOOD PYROMETERS TO 

|| STANDARIZE ON. 


ACCURATE 
CHARLES ENGELHARD INC. 


30 CHURCH: ST., 
NEW YORK city 





